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1.  STUDY OVERVIEW 
 
This General Reevaluation Report presents the results of studies to reexamine the 
feasibility of Federal shore protection for the Town of Topsail Beach, which is located 
on the southern end of Topsail Island.  Topsail Island lies in Pender and Onslow 
Counties, North Carolina as indicated in Figure 1.1, Location and Vicinity Map.  
Topsail Beach was included in a Federal project for hurricane protection and beach 
erosion control that was authorized by Section 101 of the Water Resources 
Development Act (WRDA) of 1992.  However, the project was not implemented, and 
the project was then placed in the inactive status.  The island suffered storms and erosion 
in the late 1990s and the Town of Topsail Beach requested reactivation of the project.  
Following authorization by the Energy and Water Development Appropriations Act for 
Fiscal Year 2001, the General Reevaluation Study was started.  The Town of Topsail 
Beach is the project sponsor.  The study has evaluated alternative plans for protecting the 
commercial and residential structures and infrastructure of Topsail Beach.  The study has 
resulted in a recommendation to modify the authorized project to meet current 
economic and environmental criteria. The scale and costs of the project have been 
optimized to produce the maximum net economic benefits, or National Economic 
Development (NED) Plan, as directed by Federal planning guidelines.   The Town of 
Topsail Beach has chosen another feasible plan similar to the NED plan as the Locally 
Preferred Plan).  The recommended plan is the Locally Preferred Plan. 
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         Figure 1.1    Location and Vicinity Map
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1.01 Study Authority 
 
Section 101 of the Water Resources Development Act (WRDA) of 1992 authorized the 
construction or implementation of the West Onslow Beach and New River Inlet (Topsail 
Beach) Shore Protection Project At Topsail Beach, Pender County, North Carolina.  This 
authorization was based upon information presented in House Document Number 393, 
102nd Congress, 2nd Session, dated September 23, 1992, entitled "Final Feasibility Report 
and Environmental Impact Statement on Hurricane Protection and Beach Erosion 
Control, West Onslow Beach and New River Inlet, North Carolina (Topsail Beach)". 
This document will herein be referred to as “HD 393/102/2.”  The authorized project 
consisted of a dune, beach fill, and transition sections to improve shoreline conditions of 
the south end of Topsail Beach.  More detailed description of the authorized project is 
provided in Section 1.09.  
 
Authority to continue the preconstruction, engineering, and design (PED) investigations 
is contained in the Resolution adopted November 14, 1979, by the United States House 
of Representatives in accordance with Section 110 of the River and Harbor Act of 1962.  
The Design Memorandum prepared under PED was published in August 1992.  However, 
the Project Cooperation Agreement was not executed and the project was then placed in 
the inactive status.  The project was reactivated in 2000 at the request of the Town of 
Topsail Beach.  The Energy and Water Development Appropriations Act for Fiscal Year 
2001, Public Law 106-377, included funds for the Government to initiate a General 
Reevaluation Report (GRR) of the currently authorized West Onslow Beach and New 
River Inlet (Topsail Beach) Shore Protection Project, and the remaining shoreline at 
Topsail Beach.  The scope of the study includes the entire shoreline of the town of 
Topsail Beach.  
 
This General Reevaluation Report has been prepared in response to the April 9, 2001 
letter from the Town of Topsail Beach and the Appropriations Act.  The town’s letters 
appear in Appendix H. 
 
1.02 Study Area 
 
The focus of the General Reevaluation Study is the 4.5-mile long ocean shoreline of 
the Town of Topsail Beach.  Topsail Beach is located at the southern end of Topsail 
Island adjacent to New Topsail Inlet in Pender County on the central North Carolina 
coast.  Topsail Island is a 22-mile long and 0.5-mile wide barrier island located 
approximately 40 miles northeast of Wilmington, North Carolina.  Due to the 
northeast-southwest orientation of the coastline, the island faces the Atlantic Ocean on 
the southeast.  Other waterbodies in the vicinity include New Topsail Inlet immediately 
to the southwest, Banks Channel and the Atlantic Intracoastal Waterway (AIWW) to 
the northwest, and New River Inlet at the far northeastern end of the island.  The study 
area is shown on Figure 1.1. More detailed maps of the study area are  in Section 7, 
Figure 7.2 and in Appendix A, Figures A-3 and A-4. 
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Topsail Beach is uniformly developed with few undeveloped lots and a wide range of 
structures consisting mostly of single-family dwellings, some multi-unit apartment and 
condominium buildings, about 30 commercial buildings of various sorts, a few hotels and 
a sea turtle hospital.  Most of the developable land in Topsail Beach is already occupied 
with structures.  Roadway access to the mainland is provided via N.C. Highway 50 to 
Surf City and then by bridges on N.C. Highway 50/210 at Surf City and N.C. Highway 
210 at North Topsail Beach.  Public access to the beach is provided by numerous parking 
areas and dune walkovers. 
 
Over the past 35 years Topsail Beach has developed rapidly as a family ocean resort 
community for outdoor recreation.  The Town of Topsail Beach estimates the peak 
seasonal population at more than 7,000.  In the off-season the population drops to about 
500 residents.  During the summer months a large portion of the homes within the study 
area are available as summer rentals to vacationers primarily from inland North Carolina 
and other locations around the Eastern United States.  There is one fishing pier in the 
project area. 
 
1.03  Purpose and Need for Action 
 
The purpose and need for the proposed shore protection project is to reduce both storm 
damages and beach erosion along the ocean shoreline of Topsail Beach.  This would be 
accomplished by the placement of beach fill to reestablish a functional berm and dune 
system that would reduce the impacts of erosion, flooding and waves on commercial and 
residential structures and infrastructure of the island.  Enhanced public recreational 
opportunities would be provided by the proposed beach improvements, and public 
parking facilities would be made available at locations reasonably near public access 
rights-of-way to the beach.  These economic and recreational improvements would be 
achieved through measures designed to retain the aesthetic and ecological values of the 
beach and adjacent waters. 
 
1.04 Scope of Study 
 
This study consists of reevaluation of the authorized improvement for the Town of 
Topsail Beach.  A reevaluation study may reaffirm the previous plan, reformulate and 
modify the plan based on analysis of additional alternatives, or determine that no plan 
of improvement is justified under current planning criteria and policies. 
  
1.05 Study Process 
 
The US Army Corps of Engineers (USACE) studies for water and related land resources 
follow detailed guidance provided in the Planning Guidance Notebook (Engineer 
Regulation 1105-2-100).  This guidance is based upon the Economic and Environmental 
Principles and Guidelines for Water and Related Land Resources Implementation Studies 
that were developed pursuant to Section 103 of the Water Resources Planning Act (P.L. 
89-80) and Executive Order 11747, which were approved by the U.S. Water Resources 
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Council in 1982 and by the President in 1983.  A defined six-step process is used to 
identify and respond to problems and opportunities associated with the Federal objective 
and specific State and local concerns.  The process involves an orderly and systematic 
approach to making evaluations and decisions at each step so that the public and the 
decision makers can be informed of basic assumptions made, the data and information 
analyzed, risk and uncertainty, the reasons and rationales used, and the significant 
implications of each alternative plan.  The process concludes with the selection of a 
recommended plan.  Specific aspects of this process are described in more detail in other 
sections of this document. 
 
1.06 National Objective 
 
The Federal objective of water and related land resources project planning is to 
contribute to national economic development in a manner consistent with protecting the 
Nation's environment, pursuant to national environmental statutes, applicable executive 
orders, and other Federal planning requirements.  If the projected benefits of shore 
protection measures at Topsail Beach exceed their estimated costs and are judged 
environmentally acceptable, their construction as a Federal project would contribute to 
this objective. 
 
1.07 Prior Studies and Reports 
 
The USACE has conducted a number of prior studies regarding the Topsail Island area 
and has prepared a number of related engineering, planning, and environmental reports.  
These studies have addressed shoreline erosion and hurricane protection as well as 
navigation needs.  Reports particularly pertinent to the present study are briefly described 
below.  Other reports related to the study area are cited in the Section 15, References.   
 
 Hurricane Protection and Erosion Control 
 

• House Document No. 480, 89th Congress, “Topsail Beach and Surf City, 
North Carolina.”  This report, approved by Congress in 1966, presents the 
results of an investigation of Topsail Island conducted during the period 
1963 – 1965 as part of a comprehensive study of shore protection needs 
for the segment of the North Carolina coast extending between Bogue and 
Moore Inlets.  With approval of this report, Congress authorized hurricane 
protection and beach erosion control projects for the towns of Topsail 
Beach and Surf City.  Improvements along the northernmost 11.7 miles of 
Topsail Island, referred to as West Onslow Beach, were determined to be 
economically infeasible.  The improvements authorized by this report 
were not constructed, and the project was deauthorized August 5, 1977.  
The reason for this deauthorization was that there was no apparent non-
Federal interest in the project following authorization. 

 
• House Document No. 393, 102nd Congress, 2nd Session, “West Onslow 

Beach and New River Inlet, North Carolina.”  This report (HD 393/102/2) 
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was conducted pursuant to four congressional resolutions adopted between 
1970 and 1979.  The resolutions addressed beaches, channels and inlets in 
the greater vicinity of Topsail Island. Studies for navigation purpose were 
conducted separately.  The recommendation of the Final Feasibility 
Report and Environmental Impact Statement on Hurricane Protection and 
Beach Erosion Control was a dune and berm system at Topsail Beach as 
described below in Section 1.09, Authorized Project. 

  
 Navigation 
 

• House Document No. 450, 69th Congress, “Inland Waterway, Beaufort – Cape 
Fear River.”  This house document, approved by Congress in 1927, authorized 
construction of the AIWW from Beaufort to the Cape Fear River, with 
dimensions of 12 feet deep by 90 feet wide. 

 
• House Document No. 421, 80th Congress, “Inland Waterway from Beaufort to 

Jacksonville, NC and New River to Jacksonville.”  This house document, 
approved by Congress in 1948, authorized construction of a 12-foot deep by 90-
foot wide channel in New River.  However, the project was deferred for restudy 
and has not been constructed.  The natural river channel is considered adequate 
for existing river traffic and no improvements are being considered. 

 
• House Document No. 691, 75th Congress, “Channel to New River Inlet.”  This 

house document, approved by Congress June 20, 1938, authorized construction of 
a 6-foot deep by 90-foot wide channel from the AIWW through New River Inlet 
to the Atlantic Ocean. 

 
• “Detailed Project Report on Improvement of Navigation, New Topsail Inlet and 

Connecting Channels.”  This July 1965 report, approved by the Chief of 
Engineers April 7, 1966, authorized construction of a channel 8 feet deep by 150 
feet wide through New Topsail Inlet.  A connecting channel through Banks 
Channel to the Atlantic Intracoastal Waterway was also authorized under 
Continuing Authorities Program, Section 107 of the River and Harbor Act of July 
14, 1960.   

 
• “Detailed Project Report on Improvement of Navigation, New River Inlet, 

December 1987.”  This report by the Wilmington District addresses that portion 
of the study authority concerning navigation at New River Inlet.  The report 
recommends deepening of the authorized navigation channel from 6 to 8 feet and 
widening from 90 to 150 feet. 

 
1.08 Existing Federal Projects 
 
The nearest Federal hurricane and shore protection project is at Wrightsville Beach, 
which is 12 miles to the southwest and beyond this study area.  A number of Federal 
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navigation projects are located in this study area.  They are listed and briefly described 
below.   
 

• Atlantic Intracoastal Waterway (AIWW) - The AIWW provides an important 
inland navigation route from Norfolk, Virginia to the St. Johns River, Florida.  
The 308-mile-long North Carolina portion is the state's only north-south 
commercial navigation thoroughfare.  The authorized project includes a 
navigation channel with a depth of 12 feet and widths varying from 90 feet in land 
cuts to 300 feet in open waters; side channels and basins at a number of locations; 
and five highway bridges.  The Beaufort to Cape Fear River Section was 
authorized by House Document No. 450, 69th Congress, “Inland Waterway, 
Beaufort – Cape Fear River.”  The main channel of the AIWW in North Carolina 
was completed in 1940, and it has since been maintained by dredging to remove 
shoals that develop periodically.  Some of the dredged material removed during 
maintenance activities is beach quality sand.  This material is placed directly on 
nearby ocean beaches, when practicable; otherwise, it is stockpiled in confined 
disposal areas near the shoreline of the AIWW.  This sand can serve as a viable 
source of beach fill where it exists in sufficiently large volumes and in proximity 
to beaches. 

 
• New Topsail Inlet and Connecting Channels – Channel 8 feet deep and 150 feet 

wide through New Topsail Inlet, with connecting channels 7 feet deep and 80 feet 
wide to the AIWW.  The connecting channels are through Old Topsail Creek 
(1.42 miles) and Banks Channel (6.27 miles), both between the AIWW and New 
Topsail Inlet. 

 
• New River Inlet – Channel 6 feet deep and 90 feet wide through New River Inlet 

to the AIWW, a length of 2.3 miles.  The channel continues another 18.8 miles 
from the AIWW to highway US 17 at Jacksonville, NC, but has not been 
maintained.   

 
1.09 Authorized Project 
 
The plan authorized by HD 393/102/2 consisted of a dune and beach fill over a total of 
18,900 feet of the south end of Topsail Beach, as shown in Figure 1.2.  Reaches covered 
by the authorized project included a 1,800-foot south transition, a 10,250-foot main fill 
section, and a 7,150-foot north transition section.  In the authorizing documents, 
elevations are referenced to mean sea level (m.s.l.), which in this study area is equivalent 
to +0.6 feet, National Geodetic Vertical Datum (NGVD), the currently used datum.  The 
authorized project cross section consisted of a dune of 25-foot crest width at elevation 13 
feet m.s.l. (13.6 feet NGVD) fronted by a storm berm of 35-foot width at elevation 9 feet 
m.s.l. (9.6 feet NGVD), and a beach berm of 40-foot width at elevation 7 feet m.s.l. (7.6 
feet NGVD), as shown in Figure 1.3.  The estimated in-place volume required was 
4,566,000 cubic yards of sand including 644,000 of advance beach nourishment.  The 
borrow source for the authorized project was a 1,000-foot by 5,000-foot site in Banks 
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Channel, just north of New Topsail Inlet.  The estimated frequency of renourishment was 
2 years.    
 
That plan authorized by HD 393/102/2 was a locally preferred plan formulated 
specifically to comply with the laws of the state of North Carolina prohibiting a terminal 
groin.  The estimated Average Annual Cost for the authorized plan was $2,362,000 
(October 1989 price levels).  The National Economic Development plan presented in HD 
393/102/2 (Old 1990 NED plan) included a terminal groin and an estimated frequency of 
renourishment of 4 years.  The estimated Average Annual Cost for the Old 1990 NED 
plan was $2,057,000 (October 1989 price levels).  Therefore the authorized plan was 
more costly than the Old 1990 NED plan, and the authorized plan’s incremental cost 
would have been 100% non-federal cost.  The resulting overall cost sharing was 54% 
Federal and 46% non-federal.  In March 1993 Topsail Beach determined they could not 
support this incremental cost and did not execute the Project Cooperation Agreement. 
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Figure 1.2 - General Map - Authorized Project 

 
 
Figure 1.3 – Cross Section - Authorized Project 
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1.10 Section 902 Limit 
 
The Authorized Project Cost was $14,100,000 at price levels of October 1992.  The 
Water Resources Development Act of 1986, Section 902, provides for an explicit limit to 
the cost increases which may be incurred in any water resources development project 
without further authorization by the Congress.  
 
Project cost increases are limited to any modifications which do not materially alter the 
scope of the project and do not increase total project costs by more than 20 percent plus 
increases for inflation and for changes specifically authorized or required under Federal 
law.  The originally authorized project cost, $14,100,000 was for initial construction and 
no administrative limit on nourishment was established for this project.  The Section 902 
limit for the project is $22,824,000 as calculated in May 2004 and applies only for initial 
construction.  Table 1.1 provides a short summary of the development of the cost limit 
for this project.  
 
Table 1.1 – Section 902 limit, authorized project. 
Line 1  
  a. Current Project estimate at current price levels, FY2004, October 2003 $23,135,000
  b. Current project cost estimate, inflated through construction $24,308,000
  c. Ratio: Line 1b/Line 1a 1.0507
  d. Authorized cost at current price levels $19,038,429
  e. Authorized cost , inflated through construction, line 1c x line 1d:  $20,003,723
  
Line 2  
      Cost of modifications required by law (none) $0
  
Line 3:  
   20 percent of authorized cost, 0.2 x $14,100,000 $2,820,000
   
Line 4: 
   Maximum cost of limited by Section 902, Line 1e + Line 2 + Line 3: $22,823,723
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2.  AFFECTED ENVIRONMENT 
 
The project is located on Topsail Beach in Pender County, North Carolina.  Topsail 
Beach is located on the southern portion of Topsail Island, a 26-mile long barrier island 
on North Carolina’s central coast consisting of three communities; North Topsail Beach, 
Surf City, and Topsail Beach.  Significant Resources found within the vicinity of the 
project area, in both the marine and terrestrial environment, are described below.  
Physical resources, socioeconomic resources, recreation and aesthetic resources, cultural 
resources, Section 122, P.L. 91-611 Resources, and water quality conditions are also 
discussed in this section.   
 
2.01  Marine Environment 
 
Marine waters in the vicinity of the beach nourishment area and offshore borrow sites 
provide habitat for a variety of ocean fish and are important commercial and recreational 
fishing grounds (Appendix A, Figure A-1).  Kingfish, spot, bluefish, weakfish, spotted 
sea trout, flounder, red drum, king mackerel, and Spanish mackerel are actively fished 
from boats, the beach, and local piers.  Offshore marine waters serve as habitat for the 
spawning of many estuarine dependent species.  These species, according to Dr. Stan 
Warlen (NMFS letter dated January 5, 1993), "compose approximately 75 percent of 
commercially and recreationally important catch of fish and invertebrates in North 
Carolina".  The surf zone typically exhibits a high diversity of fish fauna.  Based on data 
collected from surf zone seine sampling along the South Atlantic Bight, 130 species of 
fishes are known from the surf zone between North Carolina and southern Georgia of 
which 47 species have been recorded from North Carolina beaches.  The major 
recruitment period for juvenile fishes to surf zone nurseries is late spring through early 
summer.  These waters also accumulate juvenile, ocean spawning, and estuarine 
dependent fish and invertebrates in the late winter and early spring prior to their transport 
through New Topsail and New River Inlets (Hackney et al., 1996).  

 
The intertidal zone within the proposed beach nourishment area serves as habitat for 
invertebrates including mole crabs, coquina clams, amphipods, isopods, and polychaetes, 
which are adapted to the high energy, sandy beach environment.  These species are not 
commercially important; however, they provide an important food source for surf-feeding 
fish and shore birds.  Offshore bottoms, also provide habitat for benthic-oriented 
organisms. Special concerns are hardbottom areas, which generally support a diversity of 
soft corals, anemones and sponges and provide habitat for reef fish such as black seabass, 
red porgy, and groupers.  Hardbottoms are also attractive to pelagic species such as king 
mackerel, amberjack, and cobia. 

 
2.01.1   Wetlands and Flood Plains 
 
Coastal wetlands of the project vicinity include tidal salt marshes, which occur along the 
shorelines and island fringes along the backside of Topsail Island.  Intertidal wetlands of 
the area are very important ecologically due to their high primary productivity, their role 
as nursery areas for larvae and juveniles of many marine species, and their refuge/forage 
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value to wildlife.  In addition, they provide esthetically valuable natural areas.  Many 
types of wetland communities are present in the project area; smooth cordgrass marsh, 
needlerush marsh, saltmeadows, and high marsh.   All are important primary producers of 
organic matter and, therefore, serve as part of the base of the aquatic food chain.  Smooth 
cordgrass  (Spartina alterniflora) marshes occur within the intertidal zone along the 
sounds and tidal creeks, and provide valuable nursery habitat for many commercially 
valuable species of marine and estuarine organisms.  The frequent removal of organic 
material and the daily tidal sedimentation processes make salt marsh communities very 
productive (Schafale and Weakley, 1990).  Needlerush marsh is dominated by black 
needlerush (Juncus romerianus) and occurs in areas that are irregularly flooded.  
Saltmeadows are essentially pure stands of salt meadow cordgrass (Spartina patens), 
which can occur between 3.5-5.0 feet above mean sea level.  Salt grass (Distichlis 
spicata), sea lavender (Limonium carolinianum), glasswort (Salicornia Spp.), and sea ox-
eye (Borrichia frutescens) are also prominent plants in this community.  High marsh is a 
transitional community between high ground areas and wetlands and, depending on 
location and frequency of flooding, may have characteristics of either.  It is important in 
stabilizing the shifting sands of the barrier island.  Given time and protection, it will 
eventually become vegetated with dominant shrub species such as marsh elder (Iva 
frutescens), wax myrtle (Myrica cerifera), and yaupon (Ilex vomitoria) (Wilson, 1981). 
 
The State of North Carolina defines Primary Nursery Areas (PNA) as tidal saltwaters, 
which provide essential habitat for the early development of commercially important fish 
and shellfish. It is in these estuarine areas that many fish species undergo initial post-
larval development.  Primary Nursery Areas are designated by the North Carolina Marine 
Fisheries Commission and currently total 80,144 acres statewide.  With the exception of 
navigation channels, these include most estuarine waters of the project vicinity, including 
those bounded by New River (north), Mason Inlet (south), AIWW (west), and the 
landward side of Topsail Island.  Protection of juvenile fish is provided in these areas 
through prohibition of many commercial fishing activities, including the use of trawls, 
seines, dredges, or any mechanical methods of harvesting clams or oysters 
(http://www.ncfisheries.net/rules.htm; 15 NC Administrative Code 3B .1405).   
 
2.01.2  Inlet, Flats, and Sounds 
 
New Topsail Inlet separates Topsail Island to the northeast from Lea Island to the 
southwest and serves as the major ocean outlet for the waters of the Atlantic Intracoastal 
Waterway through Howard’s Creek, Topsail Creek, and Banks Channel.  The mean 
minimum inlet width for the past 60 years has been 480 meters (1,575 ft.) and over the 
past decade, the average rate of migration has been 30 meters (98 ft.) per year (Cleary 
and Marden, 1999).  The inlet is a critical migratory pathway for many organisms 
entering and exiting the sounds, including larval fishes and crustaceans (Section 2.01.5), 
and anadromous and catadromous fishes.  Portions of the sound located around New 
Topsail Inlet contain large intertidal shoals and mud flats, which are very important to 
migrating and wintering waterbirds, including the Piping Plover.   
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Topsail Sound is a large estuarine system separated from the ocean by barrier islands. 
Many variables influence the character of the sound including wind direction and force, 
inlet flows, etc.  Salinity near the inlet varies depending on tides and freshwater discharge 
and normally ranges between 10 and 32 parts per thousand (Hettler and Barker, 1993).  
Tides near the inlet normally follow those of the sea; however, there are times when the 
combined forces of freshwater discharge and wind overwhelm incoming tides and force 
water out of the inlet throughout the tidal cycle.  Below the surface of the sound is a 
mosaic of shifting sand habitats.  Seagrass beds could potentially grow in this 
environment; however, none have been documented at Topsail Beach (Fritz Rhode, pers. 
comm.).  The Carolina diamondback terrapin is a state listed species of concern for 
Pender County, North Carolina and may be found on the soundside of Topsail Beach in 
brackish water areas and feeds mostly feed on clams, shrimp, crabs, snails, and small 
fish.  They have been known to eat some vegetation but they are primarily carnivores 
(http://www.chelonia.org/). 
 
2.01.3  Nearshore Ocean 
 
Sand excavation and material disposal for beach and berm construction will occur in the 
near shore ocean in an area described by Day et al. (1971) as the “turbulent zone”.  The 
turbulent zone includes ocean waters from below low tide to a depth of about 60 feet 
NGVD (National Geodetic Vertical Datum).  Identified sediment borrow areas proposed 
for project construction and periodic  nourishment are located beyond the –30 foot 
NGVD contour to approximately 5.5 miles offshore (Appendix A, Figure A-2).  Those 
borrow sites located beyond three nautical miles offshore are subject to federal mining 
requirements imposed by the Minerals Management Service (MMS).  Beach nourishment 
will introduce fill into nearshore waters with a depth of closure of about 23 feet.  Benthic 
organisms, phytoplankton, and seaweeds are the major primary producers in this 
community with species of Ulva (sea lettuce), Fucus, and Cladocera (water fleas) being 
fairly common where suitable habitat occurs.  Many species of fish-eating birds are 
typically found in this area including gulls, terns, cormorants, loons, and grebes (Section 
2.02.3).  Marine mammals and sea turtles also are frequently seen in this area (See 
Appendix I).  Fishes and benthic resources of this area are discussed in Sections 2.01.7 
and 2.01.9 respectively. 
 
2.01.4  Surf zone fishes 
 
The surf zone along the area beaches provides important fishery habitat of which some 
species are dependent.  Surf zone fisheries are typically diverse, and 47 species have been 
identified from North Carolina; however, the actual species richness of fishes using the 
North Carolina surf area for at least part of their life history is much higher (Ross, 1996; 
Ross and Lancaster, 1996).  According to Ross (1996), the most common species in the 
South Atlantic Bight surf zone are Atlantic menhaden (Brevoortia tyrannus), striped 
anchovy (Anchoa hepsetus), bay anchovy (Anchoa mitchilli), rough silverside (Membras 
martinica), Atlantic silverside (Menidia menidia), Florida pompano (Trachinotus 
carolinus), spot (Leiostomus xanthurus), Gulf kingfish (Menticirrhus littoralis), and 
striped mullet (Mugil cephalus).  Two species in particular, the Florida pompano and gulf 
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kingfish (Menticirrhus littoralis) seem to use the surf zone exclusively as a juvenile 
nursery area and are rarely found elsewhere.  The major recruitment time for juvenile 
fishes to surf zone nurseries is late spring through early summer (Hackney el al., 1996).  
Recent studies by Ross and Lancaster (1996) indicate that the Florida pompano and gulf 
kingfish may have high site fidelity to small areas of the beach and extended residence 
time in the surf zone suggesting its function as a nursery area.  Major surf zone species 
consume a variety of benthic and planktonic invertebrates, with most of the prey coming 
from the water column.  The dominant benthic prey are coquina clams; however, this is 
not the dominant food item throughout the South Atlantic Bight.  Furthermore, many surf 
zone fishes exhibit prey switching in relation to prey availability, which could mitigate 
impacts from beach nourishment (Ross, 1996). 
 
2.01.5  Larval fishes 
 
New Topsail and New River Inlets are important passageways for the larvae of many 
species of commercially or ecologically important fish.  Spawning grounds for many 
marine fishes are believed to occur on the continental shelf with immigration to estuaries 
during the juvenile stage.  The shelter provided by the marsh and creek systems within 
the sound serves as nursery habitat where young fish undergo rapid growth before 
returning to the offshore environment.   
 
Transport from offshore shelves to estuarine nursery habitats occurs in three stages:  
offshore spawning grounds to nearshore, nearshore to the locality of an inlet or estuary 
mouth, and from the mouth into the estuary (Boehlert and Mundy, 1988).  Hettler et al. 
(1997) documented, through analysis of larvae otoliths, that a large number of young 
Atlantic menhaden (B. tyrannus) larvae averaging 55 days post hatch arrived in mid-
March on the date of maximum observed daily concentration (160 larvae per 100 m3 
(3,531 ft3).  For all species recorded in this study, abundance varied as much as an order 
of magnitude from night to night.  The methods these larvae use to traverse large 
distances over the open ocean and find inlets are uncertain.  Various studies have 
hypothesized such mechanisms as passive wind and depth-varying current dispersal and 
active horizontal swimming transport.  However, little is known regarding larval 
distribution in the nearshore area.   

 
Little research has been conducted within the New Topsail Inlet system in regards to 
larval species composition and abundance.  However, the Beaufort Inlet system located 
about 60 miles north/northeast of New Topsail Inlet has been thoroughly studied and 
significant amounts of data have been collected in regards to larval transport of 
commercially and ecologically important fish.  Considering the close proximity of these 
two inlet systems and their similar tidal prisms it can be expected that species 
composition would be similar (Larry Settle, pers. comm.; Thomas Lankford, pers. 
comm.).  During the winters of 1992-1993 and 1993-1994, Hettler and Hare (1998) 
conducted an experiment at Beaufort Inlet, North Carolina in order to further understand 
the estuarine ingress of offshore spawning species.  A complex lateral structure in 
estuarine circulation, independent of the inlet opening size, was found in regards to larval 
concentration with significant interactions among inlet side, distance offshore, and date 
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of ichthyoplankton tows.  Length of species caught varied by cruise, inlet side, and 
distance offshore.  The differences in larval concentration offshore and inshore and the 
species differences in length suggest species-specific rates controlling the net number of 
larvae entering the nearshore from offshore, the net number of larvae entering the inlet 
mouth from nearshore, and the larval mortality in the nearshore zone.  Results from this 
study suggest two bottlenecks for offshore-spawning fishes with estuarine juveniles:  the 
transport of larvae into the nearshore zone and the transport of larvae into the estuary 
from the nearshore zone (Hettler and Hare, 1998).  

 
Egg and larval transport from offshore spawning grounds to the inshore environment of 
Beaufort Inlet was studied by Hettler and Hare (1998) in seven estuarine dependent 
species, including Atlantic menhaden (Brevoortia tyrannus), spot (Leiostomus 
xanthurus), Atlantic croaker (Micropogonias undulatus), pinfish (Lagodon rhomboides), 
summer flounder (Paralichthys dentatus), southern flounder (P. lethostigma) and Gulf 
flounder (P. albigutta).  Research conducted by the National Marine Fisheries Service 
(NMFS) Beaufort Laboratory through June 2002 collected a total of 120 species of larval 
fish fauna off the Beaufort Inlet and adjacent waters.  According to Hettler and Hare 
(1998), average weekly concentration (number per 100 m3 (3,531 ft3) for all of the above 
estuarine dependent species, with the exception of Gulf flounder, was calculated during 
the October 1994 to April 1995 immigration season.  Concentrations were 22.9, 4.8, 25.7, 
12.4, 0.3, and 0.8 larvae/100m3 (3,531 ft3) respectively (Hettler, 1998).  According to the 
spring tide flow calculated by Jarret (1976) and the calculated daily larval concentration 
within the water column, approximately 32.5, 6.8, 36.5, 17.6, 0.43, and 1.1 million larvae 
pass through the inlet during a single spring tide for each respective species.  
Concentrations for all species combined (Attachment 1 of Appendix I) entering the inlet 
during a single tidal prism range from 0.5 to 5 larvae/m3.  Therefore, daily calculated 
larval concentration at Beaufort Inlet for all species within the tidal prism ranges between 
66 to 710 million (Larry Settle, Pers. Comm.). 
 
2.01.6  Anadromous Fishes 
 
A number of anadromous fish species occur in ocean waters along the North Carolina coast 
and migrate into rivers and their tributaries to spawn in freshwater.  These include the 
striped bass (Morone saxatilis), Atlantic sturgeon (Acipenser oxyrhynchus) and shortnosed 
sturgeon (Acipenser brevirostrum), as well as several members of the herring family 
(Clupeidae) such as the American shad (Alosa sapidissima), hickory shad (Alosa 
mediocris), alewife (Alosa pseudoharengus), and blueback herring (Alosa aestivalis).  
Historically, most accessible coastal streams in North Carolina were utilized by these 
species, and highest use occurred from mid-winter to mid-spring during the spawning runs. 
 Sampling in the New River in 1974 and 1975 by the NC Division of Marine Fisheries  
(NCDMF) identified the presence of blueback herring, alewife, American shad, and 
Atlantic sturgeon, although egg-netting results indicated very poor spawning success for all 
anadromous species.  This study concluded that anadromous fish stocks in New River were 
very low and that, as a result, there was little or no utilization of the fishery (Sholar, 1975).  
Recent reports from the NCDMF indicate that there are no recent records of shortnose 
sturgeon in the project area (F. Rhode 2004, pers. comm.) (See Biological Assessment 
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Appendix I).  Because of the lack of suitable freshwater spawning areas in the project 
area and the requirement of low salinity waters by juveniles, any shortnose sturgeons 
present would most likely be non-spawning adults (NMFS, 1998).   
 
2.01.7  Nekton 
 
Nekton collectively refers to aquatic organisms capable of controlling their location through 
active movement rather than depending upon water currents or gravity for passive 
movement.  Nekton of the nearshore Atlantic Ocean along Topsail Island, North Carolina 
can be grouped into three categories: estuarine dependent species; permanent resident 
species; and seasonal migrant species.  The most abundant nekton of these waters are the 
estuarine dependent species, which inhabit the estuary as larvae and the ocean as juveniles 
or adults.  This group includes species which spawn offshore, such as the Atlantic croaker 
(Micropogon undulatus), spot (Leiostomus xanthurus), Atlantic menhaden (Brevoortia 
tyrannus), star drum (Stellifer lanceolatus), southern kingfish (Menticirrhus americanus), 
flounders (Paralichthys spp.), mullets (Mugil spp.), anchovies (Anchoa spp.), blue crab 
(Callinectes sapidus), and penaeid shrimp (Farfantepenaeus spp. and Lilopenaeus sp.), as 
well as species which spawn in the estuary, such as red drum (Sciaenops ocellatus) and 
weakfish (Cynoscion regalis).  Species which are permanent residents of the nearshore 
marine waters include the black sea bass (Centropristis striata), longspine porgy 
(Stenotomus caprinus), Atlantic bumper (Chloroscombrus chrysurus), inshore lizardfish 
(Synodus foetens), and searobins (Prionotus spp.).  Common warm water migrant species 
include the bluefish (Pomatomus saltatrix), Spanish mackerel (Scomberomorus maculatus), 
king mackerel (Scomberomorus cavalla), cobia (Rachycentron canadum), Florida pompano 
(Trachinotus carolinus), and spiny dogfish (Squalus acanthias).  Oceanic large nekton 
located offshore of Topsail Island are composed of a wide variety of bony fishes, sharks, 
and rays, as well as fewer numbers of marine mammals and reptiles.  Marine mammals and 
reptiles that may be present in the offshore borrow sites are addressed in the biological 
assessment (see Appendix I). 
 
2.01.8  Benthic Resources -Beach and Surf Zone 
 
The intertidal zone of the beach shoreface is extremely dynamic and is characterized as 
the area from mean low tide landward to the high tide mark.  This area serves as habitat 
for invertebrate communities adapted to the high-energy sandy beach environment.  
Important invertebrates of the surf zone and beach/dune community include the mole 
crab (Emerita talpoida), coquina clams (Donax variabilis), polychaete worms, 
amphipods, and ghost crabs (Ocypode quadrata).  Mole crabs and coquinas represent the 
largest component of the total macrofaunal biomass of North Carolina intertidal beaches, 
and they are consumed in large numbers by important fish species such as flounders, 
pompanos, silversides, mullets, and kingfish (Reilly and Bellis, 1978; Leber, 1982; 
Johnson, 1994).  Beach intertidal macrofauna are also a seasonally important food source 
for numerous shorebird species.  
 
Through recent studies supported by the U.S. Fish and Wildlife Service and the U.S. 
Army Corps of Engineers, the distributions and abundance of these animals on nearby 
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beaches is fairly well documented.  Extensive sampling of the intertidal and nearshore 
beach environment was performed and documented in the USACE New York District’s 
biological monitoring report titled, “Final Report for The Army Corps of Engineers New 
York District's Biological Monitoring Program for the Atlantic Coast of New Jersey, Sea 
Bright to Manasquan Inlet, Beach Erosion Project (2001).”  Results from this study 
indicate that the intertidal infaunal assemblage was dominated by rhynchocoels, the 
polychaetes Scolelepis squamata, Protodriloides (LPIL), and Microphthalmus spp., 
oligochaetes, the mole crab Emerita talpoida, as well as a number of haustoriid 
amphipods. The nearshore infaunal assemblage included many of the same taxa, but was 
dominated by the wedge clam, Donax variabilis, the polychaete Magelona papillicornis, 
the clams Spisula solidissima and Tellina agilis, and the amphipods Acanthohaustorius 
millsi and Psammonyx nobilis, and the polychaete Asabellides oculata.  These 
documented infaunal assemblages are consistent with other studies throughout the 
Atlantic Coast (Burlas et. al., 2001).  In North Carolina, along Bogue Banks and Topsail 
Island, infaunal assemblages are dominated by Donax variabilis, Donax parvula, and 
Emerita talpoida which function as an important first link in the flow of energy within the 
intertidal system (Leber, 1982;  Reilly and Bellis, 1978).  Other organisms occurring less 
frequently are Amphipods (Haustorius canadensis, Talorchestia megalopthalma, and 
Amphiporia virginiana) and Polychaetes (Scolelepis squamata and Nephtys picta) 
(Lindquist and Manning, 2001; Nelson, 1993; Leber, 1982; Reilly and Bellis, 1978).    
 
2.01.9  Benthic Resources – Nearshore Ocean  
 
Aquatic organisms that live in close association with the bottom, or substrate, of a body of 
water, are collectively called the benthos.  Benthos communities provide a link between 
planktonic and benthic production and commercially important fish species (Posey, 1991).  
Benthic communities of the project area exhibit a wide range of organism composition and 
density, and community structure may vary considerably depending on substrate type and 
salinity regime.   Most nearshore benthic invertebrates tend to be r-strategists, which are 
characteristically small-bodied, short-lived, and have high fecundity, efficient dispersal 
mechanisms, and rapid growth rates.  Thus, recolonization of a disturbed area is generally 
initiated by r-strategists (Bowen and Marsh, 1988).     
 
Benthic surveys of three nearshore ocean sites located off Virginia Beach were conducted 
for the USDOI Minerals Management Service in 1996 and 1997 by Cutter and Diaz 
(1998).  They collected a total of 119 taxa from 13 Smith-MacIntrye grabs collected in 
1996.  Half of the top 14 taxa (occurrence and abundance) were polychaetes.  The 
remainder included representatives from the amphipods, decapods, bivalves, nemerteans, 
tanaids, echinoderms, and chordates.  They found the overall community composition to 
be typical for sandy shallow continental shelf habitats and with similar species 
composition for similar depths and sediment types reported by Day et al. (1971) for 
North Carolina (Table 2.1).  Day et al. (1971) defines the nearshore ocean as the 
“turbulent zone”, which includes ocean waters from below low tide to a depth of about 
60 feet.  According to Day et al., polychaete species are highly represented in this zone 
with pelecypods, decapods, amphipods, echinoderms, and cephalochordates also present. 
 Although, benthic resources in the proposed borrow areas off of Topsail Island are 
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expected to be similar to those found during these studies, benthic sampling and benthic 
characterization of each of the proposed borrow sites will be completed prior to project 
construction.  Information regarding the benthic sampling and analysis will be included 
in the final EIS 
 
 
Table 2.1.  Abundant benthic species within the turbulent zone near Cape Lookout North 
Carolina.  (Day , 1971) 
Group and Species Depth, meters 
 3 5 10 20 
Archiannelida     
    Polygordius sp.  X X X X 
Polychaeta     
    Palaenous heteroseta  X X X 
    Pseudeurythoe ambigua   X X 
    Exogone dispar   X X 
    Goniadides n.sp   X X 
    Magelona papillicornis X X X  
    Ophelia denticulata  X X X 
    Macroclymene zonalis     
Amphipoda     
    Platyischnopus n.sp X X X  
    Maera sp.1  X X X 
Decapoda     
    Dissodactylus mellitae X X X  
Pelecypoda     
    Spisula ravenelli X X X X 
Gastropoda     
    Olivella adelae X  X X 
    O. mutica X X X  
Echinoidea     
    Mellita quinquiesperforata X X X X 
Cephalochordata     
    Branchiostoma caribbaeum  X X X 
 
Biological characterization results from field surveys performed by the Minerals 
Management Service (MMS) of offshore shallow shelf habitats in the Outer Banks, North 
Carolina identified members of the major invertebrate and vertebrate groups commonly 
found in the general area.  Dominant infaunal groups consisted of crustaceans, 
echinoderms, mollusks, and polychaetes, while epifaunal taxa consisted primarily of 
decapods, sea stars, and squid.  Dominant demersal fish species included clearnose skate 
(Raja eglanteria), flounder (Paralichthys sp.), scup (Stenotomus chrysops), and searobin 
(Prionotus scitulus) (Byrnes et al., 2003).  Posey and Alphin (2000), collected offshore 
benthic infaunal samples at depths of 30-40 ft. from pre-borrow sites of Kure Beach, 
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North Carolina.  Results indicate that the benthic community was very diverse, with over 
600 species, and largely dominated by polychaetes, with crustaceans and bivalves 
comprising most of the remaining taxa.     
 
2.01.10  Hard Bottoms   
 
Localized areas not covered by unconsolidated sediments, where the ocean floor consists 
of hard substrate, are known as hardbottoms.  Hardbottoms are found along the 
continental shelf off the North Carolina coasts.  Hardbottoms are also called "live-
bottoms" because they support a rich diversity of invertebrates such as corals, anemones, 
and sponges, which are refuges and food sources for fish and other marine life.  They 
provide valuable habitat for reef fish such as black sea bass, red porgy, and groupers.  
Hardbottoms are also attractive to pelagic species such as king mackerel, amberjack, and 
cobia.  While hardbottoms are most abundant in southern portions of North Carolina, 
they are located along the entire coast (USFWS, 1990).   
 
Hardbottom communities in the vicinity of Topsail Beach are within state waters and are 
potentially vulnerable to shoreline alterations (Moser and Taylor, 1995).  Shallow 
limestone and siltstone rock units offshore of Topsail Beach dominate and control the 
nearsurface geology and submarine landscape (Greenhorne & O’mara, Inc., 2004).  
According to Cleary (2003), the area offshore of Topsail Beach is characterized as a 
broad, shallow, high-energy shelf system with a thin and variable unconsolidated 
sediment cover as indicated by a large frequency of rock outcrops.  The nearshore 
hardbottom features are generally low relief (McQuarrie, 1998) with isolated scarp 
formations.  Though the best available data regarding hardbottom resources off of 
Topsail Island does not suggest the presence of high relief hardbottom, a nearshore 
hardbottom survey, utilizing side-scan sonar and multi-beam sonar, will be completed 
prior to finalization of the EIS.  Divers will be used only as necessary to accurately assess 
significant hardbottom resources.  The survey methodology and analysis will be 
discussed in detail in the final EIS.  Potential impacts to hardbottom resources will also 
be discussed in the final EIS.  The Topsail Beach shoreface consists of a thin patchy 
veneer of modern sediments covering the low relief Oligocene limestone and siltstone 
hardbottoms (Cleary, 2003).  This thin veneer of sediment is ephemeral and easily 
reworked during storms; thus, exposing rock units in areas where the sediment cover is 
thin.  Seismic profile coverage, vibracores, and diver surveys have provided information, 
between the active beach (-23 ft NGVD) and three-miles offshore of Topsail Beach, on 
the subcrop units that are frequently exposed as hardbottom.  Sidescan sonargraphs 
offshore of the project area depict areas of high acoustic reflectance representing rock 
hardbottoms.  Six shore normal fathometer sonargraphs were collected along Topsail 
Beach in order to determine the distribution of major hardbottom scarps and intervening 
low areas.  From these sonargraphs, Cleary (2003) identified four limestone hardbottom 
scarps located at around 36 ft. deep between one and two miles offshore.  The largest 
contiguous area of exposed rock occurs offshore of the southern 2.2 miles of Topsail 
Beach.  The hardbottom protrudes above the seafloor as scarps exhibiting relief of 2-15 
ft. with relatively low relief (2.5 ft.) hummocky limestone hardbottom in the areas 
between.  Using existing information from researchers, recreational divers, and 
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fisherman, Moser and Taylor (1995) developed a database of the distribution and aerial 
extent of hardbottoms within North Carolina waters.  The location of the hardbottom 
communities identified in this study are found in Table 2.2.  Data from the Southeast 
Monitoring and Assessment Program (SEAMAP) indicate that three areas of identified 
hardbottom and two areas of potential hardbottom are located offshore of the 3-mile state 
line and within about 1-mile of the proposed borrow areas (SEAMAP, 2001).  However, 
only one hardbottom identified by SEAMAP falls near the proposed offshore borrow 
areas (borrow area B) (Appendix A, Figure A-1).   
 
Table 2.2.  Hard Bottom locations within waters off Topsail Beach, North Carolina 
according to Moser and Taylor (1995).   

Vertical Distances Reef Site Location Location 
According to Moser and 

Taylor (1995) 

Nearest Inlet 
Access Approximate 

Water Depth (feet) Relief * Latitude Longitude 

14 New Topsail 35-40 High 340 20.29' 770 36.3'5 
15 New Topsail 35-40 High 340 19.96' 770 36.20' 
16 New Topsail 35-40 High 340 20.11' 770 36.69' 
17 New Topsail 35-40 Low 340 20.83' 770 33.94' 
18 New Topsail 35-40 Low 340 20.93' 770 33.96' 
19 New Topsail 35-40 Moderate 340 21.19' 770 33.81' 
20 New Topsail 35-40 Moderate 340 21.11' 770 33.78' 
21 New Topsail 35-40 Moderate 340 21.03' 770 33.54' 
22 New Topsail 35-40 Moderate 340 21.41' 770 33.70' 
23 New Topsail 35-40 Moderate 340 21.73' 770 34.00' 
77 New Topsail 35-40   N/A  340 20.27' 770 35.21' 

106 New Topsail 35-40 Low 340 20.65' 770 34.96' 
116 New Topsail 35-40  N/A 340 20.55' 770 36.30' 
151 New Topsail 35-40  N/A 340 22.00' 770 36.00' 

*  Low relief (L) was defined as <0.5m, Moderate relief (M) was defined as 0.5-2.0 m, and High relief (H) 
was defined as profiles >2 m (Moser and Taylor, 1996).   
 
The State of North Carolina, Department of Environment and Natural Resources, Division 
of Marine Fisheries Artificial Reef Program manages 6 reefs that are located off Topsail 
Beach.  They are AR 355, AR 360, AR 362, AR 364, AR 366, and AR 368.  Of these 
managed reefs, AR360 “Topsail Reef” is within close proximity of the proposed offshore 
borrow areas and is located at 34º 20’ 59” N and 77º 36’ 11” W (Table 2.3).  It was 
deployed in 1984 and modified in 1992 and consists of about 49,000 tires and 850 4’x8’ 
pieces of concrete pipe.  Currently this reef no longer exists in its confined location but 
rather, is broken up and spread out well beyond its original footprint and is exposed or 
buried at different locations.  The location of these hard bottom habitats and artificial reef 
sites, in relation to project features, is shown in Appendix A, Figure A-1.      
 
Table 2.3  Artificial reefs, NC Division of Marine Fisheries. 
NC Reef Nearest Inlet Approx. LORAN Latitude and Comment 



 

-- 21 -- 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

Draft General Reevaluation Report and Draft Environmental Impact Statement 

Site No. Access and 
Distance 

Water Depth Position 
Coordinates 

Longitude 

355 
New River 
9.7 miles 60 feet 

27210.0 
39324.4  

34021'11" 
77020'00"  230’ Bridge span 

360 
New Topsail 

2.5 miles 44 feet 
27256.9 
39252.5  

340 20' 59" 
77036'11"  

 
Concrete pieces 

362 
New Topsail 

8.7 miles 54 feet 
27233.1 
39244.5  

34015'43" 
77030'27"  

 
Concrete pieces 

364 
New Topsail 

6.0 miles 44 feet 
27267.4 
39169.6  

34014'50" 
77042'50"  

174’ JELL II 
Boat mold 

366 
New Topsail 
13.9 miles 66 feet 

27214.6 
39255.0  

34012'57" 
77025'15"   

368 
New Topsail 
15.5 miles 66 feet 

27211.7 
39195.0  

34009'34" 
77025'50"  Small vessel 

(http://www.ncfisheries.net/reefs/lok2fear.htm) 
 
Since the placement of tire-based artificial reefs throughout North Carolina, many have 
broken loose from their original footprint and wash up consistently throughout the North 
Carolina beaches.  In 2001 (December – April), during Phase I of the Bogue Banks 
Beach Nourishment project in Bogue Banks, North Carolina, the dredging contractor 
encountered about 5,000 tires within the borrow sites that had broken free from an 
artificial reef site.  Based on this history, the NCDMF has identified concerns that, 
though the historical placement of AR 360 is outside of the identified borrow sites, there 
is a potential for loose tires to be located within the borrow sites.  However, the 
NCDCM’s artificial reef program has a team to document and pick up tires that wash up 
on the local beaches.  Based on this database, it appears that the tires from AR360 have 
moved in a North and Northwest direction from the original location and would, more 
than likely, not be found in the identified borrow areas (Jim Francesconi, pers. comm.) 
(Appendix A, Figure A-1).      
 
2.01.11  Essential Fish Habitat 
 
The 1996 Congressional amendments to the Magnuson-Stevens Fishery Conservation and 
Management Act (MSFCMA) (PL 94-265) set forth new requirements for the National 
Marine Fisheries Service (NMFS), regional fishery management councils (FMC), and other 
Federal agencies to identify and protect important marine and anadromous fish habitat.  
These amendments established procedures for the identification of Essential Fish Habitat 
(EFH) and a requirement for interagency coordination to further the conservation of 
Federally managed fisheries.  Table 2.4 lists the Federally managed fish species of North 
Carolina for which Fishery Management Plans have been developed by the South Atlantic 
Fishery Management Council (SAFMC), Mid-Atlantic Fishery Management Council 
(MAFMC), and National Marine Fisheries Service (NMFS).   In addition, this table shows 
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EFH by fish lifestage and ecosystem type for those species that have designated EFH.  
Table 2.5 shows the categories of EFH and Habitat Areas of Particular Concern (HAPC) 
for managed species, which were identified in the Fishery Management Plan 
Amendments affecting the South Atlantic area.  The fish species and habitats shown in 
these tables require special consideration to promote their viability and sustainability.  
The potential impacts of the proposed action on these fish and habitats are discussed in 
Section 8.01.8 of this report. 
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Table 2.5. Categories of Essential Fish Habitat and Habitat Areas of Particular Concern identified 
in Fishery Management Plan Amendments affecting the South Atlantic Area.1, 2 
 
ESSENTIAL FISH HABITAT GEOGRAPHICALLY DEFINED HABITAT 

AREAS OF PARTICULAR CONCERN 
 

Estuarine Areas Area - Wide 
 
 Estuarine Emergent Wetlands Council-designated Artificial Reef Special 

Management Zones 
 Estuarine Scrub / Shrub Mangroves Hermatypic (reef-forming) Coral Habitat & Reefs 
 Submerged Aquatic Vegetation (SAV) Hard Bottoms 
 Oyster Reefs & Shell Banks Hoyt Hills 
 Intertidal Flats Sargassum Habitat 
 Palustrine Emergent & Forested 
Wetlands 

State-designated Areas of Importance of Managed 
Species 

 Aquatic Beds Submerged Aquatic Vegetation 
 Estuarine Water Column2  
 Seagrass  
 Creeks  
 Mud Bottom  
  

Marine Areas North Carolina 
 

 Live / Hard Bottoms Big Rock 
 Coral & Coral Reefs Bogue Sound 
 Artificial / Manmade Reefs Pamlico Sound at Hatteras / Ocracoke Islands 
 Sargassum Capes Fear, Lookout, & Hatteras (sandy shoals) 
 Water Column2 New River 
  The Ten Fathom Ledge 
  The Point 
 

 
1Essential Fish Habitat areas are identified in Fishery Management Plan Amendments for the 
South Atlantic and Mid-Atlantic Fishery Management Councils.  Geographically Defined Habitat 
Areas of Particular Concern are identified in Fishery Management Plan Amendments affecting 
the South Atlantic Area. Information in this table was derived from Essential Fish Habitat: A 
Marine Fish Habitat Conservation Mandate for Federal Agencies.  February 1999 (Revised 
10/2001) (Appendices 4 and 5). 
 
2EFH for species managed under NMFS Billfish and Highly Migratory Species generally falls 
within the marine and estuarine water column habitats designated by the Fishery Management 
Councils. 
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2.02 Terrestrial Environment 
 
2.02.1  Maritime Shrub Thickets 
 
This community normally occurs landward of the dune where it is protected from salt 
spray and the full force of ocean winds.  Maritime shrub thicket is located sporadically 
throughout Topsail Beach, occurring on the backside of the island, west of the highway, 
and is interspersed with marsh areas, which border the sound.  Dominant shrubs and trees 
in this community are wax myrtle (Myrica cerifera), yaupon (Ilex vomitoria), red cedar 
(Juniperus virginica), live oak (Quercus virginiana), and loblolly pine (Pinus taeda). 
Vines are also common with greenbriar (Smilax bona-nox), pepper-vine (Ampelopsis 
arborea) and grape (Vitus rotundifolia) being particularly abundant.  This community 
type offers excellent cover for neo-tropical migrating songbirds.  Other important species 
that may be found in the maritime thicket include the seaside sparrow, painted bunting, 
saltmarsh sharp-tailed sparrow, Nelson’s sharp-tailed sparrow, and marsh and sedge 
wrens.  Raptors may also be common during migration (e.g. American kestrel, merlin, 
peregrine falcon, bald eagle, northern harrier) (Sue Cameron, pers. comm.).    
 
2.02.2  Beach and Dune 
 
Terrestrial areas that may be influenced by the new proposed actions include 5.0 miles of 
Topsail Beach, from about 1,500 ft. south of Godwin Avenue (~2,500 ft. North of New 
Topsail Inlet) to the Topsail Beach/Surf City town limit (extending about 2,000 ft. into 
the Southern end of Surf City), and roadway rights-of-way utilized as corridors for 
dredge pipelines.  Terrestrial habitat types within these areas include sandy or sparsely 
vegetated beaches and vegetated dune communities.  Utility corridors may have 
herbaceous or shrub cover.  Barren areas are also widespread due to the disturbed nature 
of the utility corridors.  Mammals occurring within this environment are opossums, 
cottontails, gray foxes, raccoons, feral house cats, shrews, moles, voles, and house mice. 
 
Among North Carolina's upland habitats, the beach and dune community could be 
considered depauperate in both plants and animals. The beach environment is severe due 
to constant exposure to salt spray, shifting sands, wind, and sterile soils with low water 
retention capacity.  Common vegetation of the upper beach includes beach spurge 
(Euphorbia polygonifolia), sea rocket (Cakile edentula) and pennywort (Hydrocotyle 
bonariensis).  The dunes are more heavily vegetated, and common species include 
American beach grass (Ammophila breviligulata), panic grass (Panicum amarum), sea 
oats (Uniola paniculata), broom straw (Andropogon virginicus), seashore elder (Iva 
imbricata), and salt meadow hay (Spartina patens).  Seabeach amaranth is present 
throughout Topsail Beach and is addressed in Appendix I.  Important invertebrates of the 
beach/dune community include the mole crab (Emerita talpoida), coquina clams (Donax 
variabilis) (See Section 2.01.8), and ghost crabs (Ocypode quadrata).   
 
Ghost crabs occupy the upper zone of the beach environment and functions as an 
important predator in the beach community.  Up to 60% of their diet consists of mole 
crabs up to 25% consists of coquina clams (Wolcott, 1978).  During the sea turtle nesting 
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season, ghost crabs are also known to prey on incubating sea turtle eggs and newly 
hatched sea turtle hatchlings.  Ocypode quadrata  is the only ghost crab occurring in the 
southeastern United States and, though little is know regarding its life history aspects, the 
various reproductive and larval components most likely reflect that of other decapods.  
Though timing of recruitment is poorly understood, it most likely occurs between late 
spring and early fall (Hackney et al., 1996).     
 
2.02.3  Birds 
 
Birds common to the nearshore ocean in the project area include loons, grebes, gannets, 
cormorants, scoters, red-breasted mergansers, gulls, and terns.  The waters off of Topsail 
Island and Onslow Beach are very important to migrating and wintering northern 
gannets, loons and grebes because of the abundant hard bottom habitat (Sue Cameron, 
pers. comm.); however, most of the significant nearshore high-relief hardbottom habitat 
supporting abundant prey species are located north of the project area (Bill Cleary, pers. 
comm.; Hall, 2004).  The USFWS indicate that sea ducks raft in large numbers in the 
nearshore ocean waters of the project area during spring and fall migrations.  Ducks, 
geese, and many kinds of shorebirds may also be found here during the spring and fall.   
 
The beaches of the project vicinity are heavily used by migrating shorebirds.  However, 
dense development and high public use of project area beaches may reduce their value to 
shorebirds.  Along the ocean beach, blackbellied plovers, ruddy turnstones, whimbrels, 
willets, knots, semi-palmated sandpipers, and sanderlings may be found.  Table 2.6 
provides a more complete list of waterbirds found in the project area.  The dunes of the 
project area support fewer numbers of birds but can be very important habitats for 
resident species and for other species of songbirds during periods of migration.  In the 
herbaceous dune areas, the American kestrel, merlin, bald eagle, peregrine falcon, 
northern harrier, and other raptors may be found during migration.  Other birds occurring 
in this area are mourning doves, swallows, fish crows, starlings, meadowlarks, redwinged 
blackbirds, boat tailed grackles, and savannah sparrows.   
 
Table 2.6.  List of waterbirds that occur within the Topsail Beach project area and their 
status (LeGrand et al, 2001). 

Common 
Name 

Scientific 
Name 

Season1 NC 
Status2 

Red-throated loon Gavia stellata M, W  
Common loon Gavia immer M, W  
Horned Grebe Podiceps auritus M, W  
Brown pelican Pelecanus occidentalis B, M, W SR 
Double-crested cormorant Phalacrocorax auritus B, M, W SR 
Northern Gannet Morus bassanus M, W  
Great blue heron Ardea herodias B, M, W  
Great egret Ardea albus B, M, W  
Snowy egret Egretta thula B, M SC 
Reddish egret Egretta rufescens M  
Tricolored heron Egretta tricolor B, M SC 
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Little blue heron Egretta caerulea B. M. W SC 
Black-crowned night heron Nycticorax nycticorax B, M, W  
White ibis Eudocimus albus B, M, W  
Glossy ibis Plegadis falcinellus B, M SC 
Osprey Pandion haliaetus B, M  
Clapper rail Rallus longirostris B, M, W  
Black-bellied plover Pluvialis squatarola M, W  
Wilson’s plover Charadrius wilsonia B, M SR 
Semipalmated plover Charadrius semipalmatus M  
Piping plover Charadrius melodus B, M, W T (T) 
Killdeer Charadrius vociferus B, M, W  
American oystercatcher Haematopus palliatus B, M, W SR 
American avocet Recurvirostra americana M  
Black-necked stilt Himantopus mexicanus B, M SR 
Greater yellowlegs Tringa melanoleuca M, W  
Lesser yellowlegs Tringa flavipes M, W  
Willet Catoptrophorus semipalmatus B, M, W  
Spotted sandpiper Actitis macularia M  
Whimbrel Numenius phaeopus M  
Marbled godwit Limosa fedoa M, W  
Ruddy turnstone Arenaria interpres M, W  
Sanderling Calidris alba M, W  
Semipalmated sandpiper Calidris pusilla M  
Western sandpiper Calidris mauri M, W  
Least sandpiper Calidris minutilla M, W  
Red Knot Calidris canutus M, W  
Dunlin Calidris alpina M, W  
Short-billed dowitcher Limnodromus griseus M, W  
Bonaparte’s gull Larus philadelphia M, W  
Laughing gull Larus atricilla B, M  
Ring-billed gull Larus delawarensis M, W  
Herring gull Larus argentatus B, M, W  
Great black-backed gull Larus marinus B, M, W  
Gull-billed tern Sterna nilotica B, M T 
Caspian tern Sterna caspia B, M, W SR 
Royal tern Sterna maxima B, M, W  
Sandwich tern Sterna sandvicensis B, M  
Common tern Sterna hirundo B, M SC 
Forster’s tern Sterna forsteri B, M, W  
Least tern Sterna antillarum B, M SC 
Black tern Chlidonias nigra M  
Black skimmer Rynchops niger B, M SC 

1 Season 
B = Breeding; M = Migrating; W = Wintering 
 
2 NC Status 
Endangered (E); Threatened (T); Special Concern (SC); Significantly Rare (SR).  E, T, and SC 
status species are given legal protection status by the NC Wildlife Resources 
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Commission.  SR status is defined as any species which has not been listed by the NC 
Wildlife Resources Commission as E, T, or SC species, but which exists in the state in 
small numbers and has been determined by the NC Natural Heritage Program to need 
monitoring.  Federal status is indicated in parentheses. 
 
On 10 July 2001, the USFWS designated 1,114 acres (Unit NC-11) of critical habitat for 
wintering piping plovers (Charadrius melodus) of which the southern spit of Topsail 
Beach is included.  The unit extends southwest from 1.0 km northeast of Mean Lower 
Low Water (MLLW) of New Topsail Inlet on Topsail Island to 0.53 km southwest of 
MLLW of Rich Inlet on Figure Eight Island.  It includes both Rich Inlet and New Topsail 
Inlet and the former Old Topsail Inlet.  All land, including emergent sandbars, from 
MLLW on the Atlantic Ocean and sound side to where densely vegetated habitat begins 
and where constituent elements no longer occur (Federal Register, 2001).  Bird surveys 
have been sporadically performed on Topsail Beach since 1987 and since then 61 piping 
plovers have been identified as individuals or pairs.  Since 1987, a total of 7 nests were 
identified of which only 1 was successful in 1999 (Sue Cameron, pers. comm.) (See 
Biological Assessment (Appendix I)).    
 
Colonially nesting waterbirds (gulls, terns, and wading birds) are an important part of the 
project area ecosystem.  These species formerly nested primarily on the barrier islands of 
the region but have had most of these nesting sites usurped by development or 
recreational activities.  With the loss of their traditional nesting areas, these species have 
retreated to the relatively undisturbed dredged material disposal islands, which border the 
navigation channels in the area.  These islands often offer ideal nesting areas as they are 
close to food sources, well removed from human activities, and are isolated from 
mammalian egg and nestling predators.  Other species also use the islands for loafing or 
roosting during migratory periods or the winter months including painted buntings.  
Surveys by the NCWRC for American oystercatchers and Wilson’s plovers this year 
indicated that the dredge islands, natural islands and shell rakes behind Topsail Island are 
very important nesting areas for these species. 
 
The black skimmer, least tern, and common tern are state listed species of concern for 
Pender County, North Carolina and are found on Topsail Beach year round with the 
exception of the least tern, which is a summer resident from April to October.  However, 
all of these birds are most abundant in the summer months.  Terns feed by diving from 
the air upon insects and small fish and the black skimmer feeds on shrimp or small fish 
by flying just above the water with the tip of the long lower mandible shearing the 
surface.  All of these bird species may use Topsail Beach for roosting, foraging, breeding, 
and nesting (Potter et al., 1980).     
 
2.02.4  Endangered and Threatened Species 
 
Updated lists of federally endangered and threatened (E&T) species for the project area 
were obtained from NMFS (Southeast Regional Office, St. Petersburg, FL on August 16, 
2004) and the U.S. Fish and Wildlife Service (USFWS) website (http://nc-
es.fws.gov/es/es.html).  These were combined to develop the composite list shown in 
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Table I-1 of the biological assessment (Appendix I), which includes federally listed E&T 
species that could be present in the area based upon their historical occurrence or 
potential geographic range.  However, the actual occurrence of a species in the area 
depends upon the availability of suitable habitat, the season of the year relative to a 
species' temperature tolerance, migratory habits, and other factors.  The likelihood of 
occurrence and potential project impacts regarding E&T species are summarized in the 
Biological Assessment (Appendix I.) 
 
An updated list of state listed species for Pender County, North Carolina was obtained 
from the North Carolina Natural Heritage Program website (http://www.ncnhp.org/).  
From this list, species that may be present within the project vicinity are the black 
skimmer (Rynchops niger), least tern (Sterna antillarum), common tern (Sterna hirundo), 
and Carolina diamondback terrapin (malaclemys terrapin centrata), all of which are 
considered state species of concern.  Bird species are addressed within Sections 2.02.3 
and 8.02.3 and the Carolina diamondback terrapin is addressed in Sections 2.01.2 and 
8.01.2 of this EIS.   
 
2.03 Physical Resources 
 
2.03.1  Wave Conditions 
 
Waves selected as input for the study were taken from the Corps of Engineers’ Coastal 
and Hydraulics Laboratory Wave Information Study (WIS).  Updated WIS wave hindcast 
data for Station 292, located about 10 miles offshore of Topsail Island for years, for the 
period 1990 to 1999 were used. Based on these data, waves commonly approach the 
southeast-facing study area from east through south directions (nearly two-thirds of the 
time), with east-southeast and southeast approaching waves occurring most frequently 
(nearly one-third of the time).  Annually, the most frequently occurring wave heights 
range from 1.6 to 3.2 feet, with a mean wave height of about 3.3 feet.  In winter, the most 
frequently occurring wave heights range from 1.6 up to 4.9 feet due to storms, with 
easterly to northeasterly approaching waves increasing in frequency.  Summer wave 
conditions have more of a southeasterly component and are commonly in the 1 to 3 foot 
range, except for tropical systems that can generate the infrequent, but extreme waves of 
15 feet or more. 
 
2.03.2  Shoreline and Sand Transport 
 
Long-term shoreline changes between 1963 and 2002 were determined by comparing 
MHW shoreline positions for each reach.  Shoreline change rates were relatively low in 
the northern half of the study area (less than one foot per year), with some slight 
accretion along the interior reaches 13 through 22 (about 10,000 feet).  In the southern 
portion of the study area, erosion rates gradually increase to over 3 feet of erosion per 
year (reaches 5 to 7).  In the immediate vicinity of the inlet (reaches 1 to 4), inlet 
migration has resulted in accretion.  These 1,000-foot long study reaches are visible in 
Section 7, Figure 7.2 and in Appendix A, Figures A-3 and A-4. 
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Sediment transport modeling of all of Topsail Island indicates an average net sediment 
transport of about 200,000 cubic yards per year to the north in the Topsail Beach study 
area.  This northerly sediment transport is consistent with the findings of the August 1992 
Design Memorandum for the project, which reported a northerly transport rate of 325,000 
cubic yards/year for Topsail Beach. 
 
2.03.3  Geology and Sediments 
 
The Topsail Beach Project study area is located in the Atlantic Coastal Plain 
Physiographic Province bordering Onslow Bay.  The geomorphology of the area is 
characterized by beaches, dunes, and marshes typical of a barrier island complex.  The 
Atlantic Coastal Plain and Onslow Bay are both underlain by relatively flat-lying 
sedimentary units which gently dip and thicken to the southeast.  This large sedimentary 
wedge includes both sediments which have not been indurated or cemented and rock 
units.  These sedimentary units range in age from Cretaceous to Quaternary and overlie 
crystalline basement rock.  A patchy veneer of Holocene sands and gravels overlies the 
Quaternary strata.  The sand soils found on the Topsail Island beaches are classified as 
fine-to-medium-grained poorly-graded sands (SP) according to the Unified Soils 
Classification System.   
 
The small rivers and streams entering Onslow Bay contribute small sediment loads as a 
significant fraction is deposited within the estuaries. This in turn contributes to the sand-
starved nature of the coast in this area.   
 
2.04  Socio-Economic Resources 
 
The local economic impact area includes all of Topsail Island and the nearby areas of 
both Pender and Onslow Counties, North Carolina. Topsail Island includes not only 
Topsail Beach on the south end of the island but also Surf City and North Topsail Beach 
on the north end of Topsail Island. Highways 50 and 210 connect the island to the 
mainland portion of the two counties. 
 
2.04.1  Demographics 
 
Demographics for the existing economic conditions for the two-county study area 
include census data for population, housing, and personal income are shown in Table 
2.7.  The total population of the two county area was over 190,000 in 2000.  The Town of 
Topsail Beach had 471 permanent residents in 2000; however, the peak seasonal 
population is estimated to exceed 7,000. 
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Table 2.7 - Socioeconomic Conditions Pender and Onslow Counties, NC 
 Pender 

County 
Onslow 
County 

Town of 
Topsail Beach 

Population, 2000 41,082 150,355 471 
Ave. Household size 2.49 2.72 1.87 
    
Housing Units 20,798 55,726 1,149 
Occupied year-round 16,054 48,122 252 
Seasonal or vacant 4,744 7,604 897 
     Estimated peak season population   7,252 
In labor force 19,087 85,054 209 
Per capita income 17,882 14,853 35,838 
Per Capita Personal Income 2002 21,720 25,317 N/A 

 
Source: U.S. Census Bureau (http://factfinder.ensus.gov) and U.S. Dept. of Commerce – 
Bureau of Economic Analysis (http://bea.doc.gov/bea)  
 
The population of Pender County grew from 28,855 in 1990 to 41,082 in 2000, an 
increase of 42 percent.  Onslow County population was virtually unchanged during the 
same period.  The State of North Carolina grew by 21 percent during that same period. 
Personal per capita income for Pender and Onslow counties was reported to be $27,720 
and $25,317 respectively.  Personal per capita income for the State of North Carolina was 
$20,307. 
 
Historical population growth for Pender and Onslow counties are shown in figure 2.2, as 
well as historical and projections by the NC State Demographer through 2029 are shown 
in Figure 2.3. 
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Figure 2.2   Population history 
 

Figure 2.3   Projected population. 
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2.04.2  Esthetic and Recreational Resources 
 
The Town of Topsail Beach, which was incorporated in 1963, is an urbanized beach 
community characterized by paved streets, parking lots, hotels, single-family dwellings, 
hotels, and low-rise condominiums.  A scenic setting is provided by waters of the Atlantic 
Ocean, New Topsail Inlet, Topsail Creek, and Banks Channel and the numerous vessels 
common to these waters.  The marine environment provides opportunities for boating and 
fishing, as well as an escape from the faster pace of land-based activities.  Beaches 
generally offer extensive recreational opportunities for activities such as swimming, 
sunbathing, walking, surfing, bird watching, and fishing.  In addition, one ocean fishing 
pier, the Jolly Roger Pier, is located in the study area and is considered an important 
recreational facility at Topsail Beach.  The esthetic value of this beach community is 
evidenced by the popularity of the area for family oriented use and tourism.  The seasonal 
influx of tourists increases the population from approximately 425 year round residents to 
more than 7,000 (http://www.topsailbeach.org/) during the warmer months of the year.  
However, the Topsail Beach has lost some of its visual appeal due to the severe erosion 
resulting from the hurricanes of 1996-1999 and 2003. 
 
2.04.3  Commercial and Recreational Fishing 
 
The North Carolina Division of Marine Fisheries (NCDMF) reported nearly 600,000 
pounds of commercial finfish and shellfish landings in the vicinity of New Topsail Inlet 
in both 2003 and 2004.  Significant shellfish landings included over 200,000 pounds 
reported from Hampstead and over 100,000 pounds reported from Surf City in 2003. 
Finfish landings reported from Hampstead exceeded 100,000 pounds in both 2003 and 
2004. The commercial value of all finfish and shellfish landings reported in the vicinity 
of New Topsail Inlet was nearly $800,000 in both 2003 and 2004. 
 
Recreational fishing includes fishing from head boats, charter boats, private boats, piers, 
and the surf.  Fishing from head boats is best in the winter months for snapper and 
grouper. Fishing from charter boats is excellent for King mackerel and bottomfish during 
the winter. Offshore, gulfstream species, like yellowfin tuna and Wahoo are available. 
Inside fishing has been successful for inshore species such as red drum, speckled trout, 
and flounder. 
 
Private boat anglers  can find bluefin tuna in the nearshore area, king mackerel and other 
bottomfish species in the offshore, and other species such as speckled trout, red drum, 
and flounder can be found in the inside areas of the creeks and Atlantic Intracoastal 
Waterway. NCDMF reports that most piers are closed for the season and shore fishing 
activity will be limited in this area. 
 
2.05  Cultural Resources   
 
The six proposed borrow areas are located 1 to 5.5 nautical miles offshore of New 
Topsail Inlet and the Town of Topsail Beach.  This area has seen significant maritime 
activity since at least the early 18th century when permanent settlement began.  One of the 
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earliest land grants included the inlet and area surrounding the sound, and by 1755 New 
Topsail Sound was designated as an official inspection point for export commodities in 
New Hanover County, along with counties Brunswick, Wilmington, and New Exeter.  
Inspections were conducted for export commodities of fish, flour, butter, flax seed, beef, 
pork, rice, tar, pitch and turpentine, staves and headings, sawed lumber and shingles.  
Throughout the Colonial Period, the inlet was relatively stable and was suitable for 
passage by schooners and small sloops.  During the latter part of the eighteenth century 
and throughout most of the nineteenth century, New Topsail Inlet migrated significantly 
to the north.  According to Wilson Anglely’s (1984) analysis, the Mouzon Map of 1775 
and the Price-Strother Map of 1808, the inlet migrated northward some two miles.  While 
the Mac Rae-Brazier Map of 1833 indicates no significant change, the U.S. Coast Survey 
Map of 1865 shows that an additional migration of two miles occurred during that period. 
 The migration appears to have abated during the end of that century, as is suggested by 
review of the Kerr-Cain Map of 1882 and the Post Route Map of 1896.  A detailed U.S. 
Coast Survey Map of 1885 indicates that the New Topsail Inlet was approximately 3,000 
feet wide at that time. 
 
At least eleven vessels are reported or believed to have been lost in the area of Topsail 
Inlet (Table 2.8).  This number includes the loss of four vessels in 1750, part of the 
Spanish Plate Fleet.  One of those ships, packet boat El Salvador was lost in the vicinity 
of Topsail Inlet on August 18, 1750.  Due to the shifting sands, the surviving remains 
were buried in a matter of days, making salvaging operations difficult. 
 
Table 2.8. NC Division of Archives and History, Underwater Archaeology Section 
Shipwreck Files 
Wreck Name Date Lost Type Vessel Location 
El Salvador 18 Aug 1750 Nao Topsail Inlet (suspected) 
Unknown Brig Sep 1769 Brigantine Below Topsail Inlet 
Betsy 1771 Merchant Old Topsail Inlet 
Adelaide 22 Oct 1862 Schooner Mouth of New Topsail Inlet 
Alexander 
Cooper 

22 Aug 1863 Schooner New Topsail Inlet 

Industry 2 Feb 1863 Schooner 5 miles north of Topsail Inlet 
Phantom 23 Sep 1863 Steamer 200 yards offshore in 30 feet of water, 

 Topsail Inlet 
Unknown 
Schooner 

22 Jan 1863 Schooner Westward of Stump Inlet 

Wild Dayrell 3 Feb 1864 Side-wheel 
Steamer 

Rich Inlet 

Mary Bear 9 Sep 1881 Schooner New Topsail Inlet 
William H. 
Sumner 

7 Sep 1919 Schooner Topsail Inlet 
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Before the Civil War, the following vessels were lost in the vicinity: schooner Superior, 
driven ashore November 24,1841; an unknown brig in September 1769, run ashore below 
Topsail Inlet; English merchantman Betsy in 1771 at Old Topsail Inlet.  The Civil War 
also resulted in a number of wrecks, including the schooner Adelaide of Halifax an 
unidentified schooner west of Stump Inlet, the iron-hulled steamer Phantom, and the 
schooner Industry.  During the late 19th and early 20th centuries the following losses are 
recorded: the schooner Mary Bear on September 9, 1881, at New Topsail Inlet; and 
schooner William H. Sumner on September 7, 1919, grounded at Topsail Inlet. 
 
As was indicated by the vessels seized, the inlet was active in salt production.  An 1864 
military map shows at least 2 Confederate salt works situated on either side of Holmes 
Landing.  The presence of the salt works is further substantiated in a letter of November 
1,1862, written by USS Lieutenant William Cushing to his superior. 
 
In 1932, a 12-feet deep and ninety-feet wide segment of the Intracoastal Waterway 
between Beaufort and the Cape Fear south of Wilmington was completed.  The channel 
allowed for an increase in vessel traffic from 33,710 tons in 1932 to 243,000 tons in 
1939.  As reported the previous year, the character of the vessel traffic – of around 9,000 
vessel trips – consisted of approximately 8,500 motor vessels, 300 tugs, 200 barges, and a 
smattering of pleasure craft.  Cargo vessels transported agricultural commodities, lumber, 
petroleum products, seafood, fertilizer, and general merchandise. 
 
2.06  Water Resources 
 
2.06.1  Hydrology 
 
Tides in the area are semidiurnal and the mean tidal range is about 3.0 feet at New River 
Inlet and at New Topsail Inlet.  Regular reversals of flow occur with each tidal cycle except 
during periods of high fresh water flow. The salinity of the area varies due to many factors 
including freshwater inflow, tidal action, and wind.  From 2002 to 2004, average salinities 
in the Topsail Island vicinity range from an average of 14.2 parts per thousand (ppt) near 
New River Inlet, to 23.9 ppt in the Atlantic Intracoastal Waterway behind Topsail Island, to 
35.9 ppt in the nearshore ocean at the Surf City Pier (Stan Sherman, pers. comm).    
 
2.06.2  Water Quality Classification 
 
All surface waters in North Carolina are assigned a primary classification by the NC 
Division of Water Quality (NCDWQ)(15A NC Administrative Code  02B .0301 to .0317).  
Waters in the vicinity of Topsail Island fall into three of these classifications.  Waters of the 
Atlantic Ocean between Drum Inlet and Baldhead Island are classified as "SB," and are 
suitable for primary recreation, including frequent or organized swimming and all "SC" 
uses (secondary recreation such as fishing, boating, and other activities involving minimal 
skin contact; aquatic life propagation and survival; and wildlife).  Stormwater controls are 
required under the Coastal Area Management Act (CAMA), and there are no categorical 
restrictions on discharges.   
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All other surface waters of the vicinity, including the New River, Atlantic Intracoastal 
Waterway (AIWW), Topsail Sound, and Banks Channel, meet the "SA HQW" 
classification and are suitable for shellfishing for marketing purposes as well as all "SB" 
and "SC" uses.  All "SA" waters are "HQW" (High Quality Waters) by definition, and 
stormwater controls are required and domestic discharges are prohibited.  Waters of the 
AIWW from Daybeacon # 17 (between Chadwick Bay and Alligator Bay) to Morris 
Landing (south of Spicer Bay) and waters of Topsail Sound southward from approximately 
New Topsail Inlet to Middle Sound are classified as "SA ORW."  The "ORW" 
(Outstanding Resource Waters) designation is a supplemental classification intended to 
protect unique and special waters having excellent water quality and an exceptional state or 
national ecological or recreational significance.  Waters of this classification must have one 
of the following outstanding resource values: 
 

• Outstanding fish habitat or fisheries, 
• Unusually high level of water based recreation, 
• Some special designation such as North Carolina or National 

Wild/Scenic/Natural/Recreational River, National Wildlife Refuge, etc., 
• Important component of state or national park or forest, or 
• Special ecological or scientific significance (rare or endangered species habitat, 

research, or educational areas). 
• No new or expanded wastewater discharges are allowed in these waters.  ORW are 

HQW by definition. 
 
2.06.3  Groundwater   
 
The sole source of water supply for both public and private systems in Pender County is 
groundwater.  A vast aquifer system from which potable water can be drawn lies below the 
County.  The water bearing groundwater units on Topsail Island are the surficial aquifer 
and the deeper cretaceous aquifer. The cretaceous aquifer is used as the water source for 
the various communities located on Topsail Island. The Town of Topsail Beach has 3 
wells that draw from the cretaceous aquifer that is recharged on the mainland (Town of 
Topsail Beach Core Land Use Plan 2005). Regionally, the horizontal groundwater 
movement is eastward with some southeast movement.  The resultant groundwater 
movement is toward the coast. 
 
2.07  Other Significant Resources (Section 122, P.L. 91-611) 
 
Section 122 of P.L. 91-611 identifies other significant resources that must be considered 
during project development.  These resources, and their occurrence in the study area, are 
described below. 
 
2.07.1  Air, Noise, and Water Pollution 
 
Areas of the country where air pollution levels persistently exceed the national ambient 
air quality standards may be designated "non-attainment."  All of Topsail Island is in an 
attainment area.  There are no known air quality problems in the study area.  
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Noise is a prominent feature in the study area due to the sound of the breakers and at 
times, tourists and traffic on the beach.  The sounds of breakers are tranquil and add to 
the pleasure experienced by visitors.  Noise at Topsail Beach is regulated by a noise 
ordinance that is enforced 24 hours a day.   
 
Water quality is discussed in Section 2.06.2 and in the Section 404(b)(1) (PL 95-217) 
evaluation that is included as Attachment G of this document. 
 
2.07.2  Man-made and Natural Resources, Esthetic Values, Community Cohesion, 
and the Availability of Public Facilities and Services   
 
Only one pier, Jolly Roger Pier, is located at Topsail Beach and it is within the proposed 
beach fill area.  The Jolly Roger pier complex includes a convenience store and bait and 
tackle shop with small restaurant facilities.  This 854-foot ocean pier, at the southern end 
of the island, is open from March through November.  Esthetic values are discussed in 
Section 2.04.2.   
 
The Town’s drainage system is comprised of several street catch basins, drop inlets and 
sock tile drains installed by the North Carolina Department of Transportation (NCDOT), 
and a few ditches to alleviate water runoff.  There are no stormwater drainage outlets that 
discharge to the beach.   
 
Water is supplied to Topsail Beach via three town water wells that draw water from a 
deep aquifer.  The wells are located between Banks Channel and Highway NC50.  No 
wells are located near the beach.  The water systems of Topsail Beach and Surf City are 
connected and have an agreement for emergency use and to purchase water when 
necessary.  (Town of Topsail Beach Core Land Use Plan 2005) 
Septic tanks and two privately owned wastewater treatment plants handle the sanitary 
waste disposal needs of the community.  Pender East Emergency Medical Services squad 
provides rescue and advanced life support services within the Town’s limits.  Electricity 
is provided by Jones-Onslow Electric Membership Corporation.  Sprint provides 
telecommunications service within the town limits, and the cable television franchise is 
operated by Charter Communications. 
Topsail Beach is the home of the only sea turtle hospital in the state, the Karen Beasley 
Sea Turtle Rehabilitation and Rescue Center, which is open to the Public during the 
summer months. 
 
Public Access from public roads and streets to the beach are provided at 22 designated 
access points.  There are a total of 374 parking spaces available to the general public near 
these access points.  In addition, the town has indicated in a more recent count during the 
summer of 2004, there may be at least 300 additional parking spaces unaccounted for on 
the rights of way (ROW) along town streets.  (Appendix F) 
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2.07.3  Hazardous, Toxic and Radioactive Wastes (HTRW) 
 
Due to past military activities in the project area, the presence of Hazardous, Toxic and 
Radiological Wastes (HTRW) warrants discussion.  The potential for encountering 
HTRW in the project area is discussed below as documented in the Defense 
Environmental Restoration Program For Formerly Used Defense Sites (DERP-FUDS), 
Ordnance And Explosive Waste, Archives Search Report, Findings For The Former 
Camp Davis, Holly Ridge, North Carolina, Project Number 104nc001702, May 1994.  
 
In 1941 Camp Davis was established as an Anti-Aircraft Training Center at Holly Ridge, 
North Carolina.  Acquisition of land for Camp Davis took place from 1941 through 1943. 
 A total of approximately 46,682 acres was acquired by lease from numerous individuals, 
corporations, and governmental agencies by the War Department for a World War II 
Army Air Corps training facility.   The Training Center was later used as a convalescent 
hospital and rehabilitation center and became home to various military units.  Coast 
Artillery Anti-Aircraft Regiments were the dominant groups, moving thousands of 
recruits through basic training and anti-aircraft weaponry.  Although the main part of 
Camp Davis was located on the mainland, northwest of Topsail Island, the Coastal 
Gunnery Range Emplacement Area was located on Topsail Island near the Surf City 
bridge and the Coastal Gunnery Potential Range Impact Area was located offshore of 
Topsail Island (Figure A-1, Appendix A).   
 
The Gunnery Emplacement area, was located four and a half miles southeast of the main 
portion of the former Camp Davis. The site was known as the Sears Landing and 
occupied a narrow strip of land between the inland waterway and the Ocean.  As a gun 
emplacement, the ordnance used on site would have been fired or returned to the point of 
issue; therefore, the possibility of ordnance residue is extremely remote.  The inspection 
team did not observe any Ordnance or Explosive Wastes (OEW) in this area and there 
were no reports of OEW within the gun emplacement area.   

 
The Coastal Gunnery Range Impact Area, which was located offshore of Topsail Island, 
was viewed by inspectors from the beach (no offshore survey was conducted).  The AA 
coastal gunnery range impact area has potential ordnance contamination based upon its 
use when it was active, however, no evidence of residual OEW contamination has been 
found or documented since the anti-aircraft gunnery range was closed.  No records or 
documentation were located as to the exact types of ordnance used, although it is 
presumed that mostly practice rounds were used based upon the fact that gunners fired at 
a target that was pulled/towed behind an aircraft.  Practice round sizes would have varied, 
but are presumed to include the following:  37 mm (1.46 inches), 40 mm (1.57 inches), 3-
Inch, 9O mm (3.54 inches), 105 mm (4.13 inches), and 155 mm (6.10 inches). 
 
After World War II, Camp Davis was assumed by the Navy for their secret guided 
missile testing program, code-named "Operation Bumblebee."  Topsail Island was the 
third of three widespread test sites established along the Atlantic seaboard in the closing 
years of World War II, and the first permanent ground for missile testing. The Topsail 
Island site, placed in operation in March 1947, incorporated rigid structures that were 
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designed and built for specific uses related to the assembly, firing, monitoring and 
perfecting of experimental ramjet missiles.  The Navy used only a small portion of Camp 
Davis for the testing of rocket motor propulsion systems.  An arsenal center for the 
assembly and storage of rockets was built on the sound-side of the island, and launching 
pads were constructed on the oceanfront.  Concrete observation towers were built 
throughout the island to monitor the experimental launchings and many of the military 
structures remain standing today.  During the 18 months that Operation Bumblebee was 
active at Topsail, an estimated 200 experimental rockets, each measuring six inches in 
diameter and between three and 13 feet in length, were fabricated at the Assembly 
Building, dispatched to the launch site, and fired along a northeasterly angular deflection 
of 15 degrees to the shoreline for a maximum clear distance of 40 miles.  Despite the 
initial success of the US Naval Ordnance Testing facility at Topsail Island, its location 
did not fulfill completely the needs of a permanent base because weather conditions and 
increased sea traffic interfered with testing, and the facility was abandoned and its 
equipment moved to other sites (http://www.cr.nps.gov/nr/travel/aviation/usn.htm).  
 
Although, over 200 rocket launchings took place on the island between 1946 and 1948, 
no OEW was associated with the testing procedures and all leased land was returned to 
the original landowners.  Currently, most of the former Camp Davis lands are being used 
for state wildlife game lands (Holly Shelter) and for the production of forestry products. 
 
Several databases were reviewed to obtain information pertaining to releases, treatment, 
storage, and disposal of hazardous substances in the project area.  Based on this review 
and the review of the Camp Davis Archives Search Report, referenced above, there are 
no documented active or inactive hazardous waste sites on Topsail Island.    
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3.  PROBLEMS, NEEDS, AND OPPORTUNITIES  
 
The main public concerns identified at Topsail Beach are economic losses resulting from 
(1) damages to structures and their contents due to hurricane and storm activity, and (2) 
the loss of beachfront land due to progressive shoreline erosion.  In addition, periods of 
severe shoreline recession have adversely affected nesting habitat for endangered and 
threatened sea turtles.  These economic losses and environmental concerns are discussed 
below.  
 
3.01 Hurricane and Storm Damage 
 
Being located between Cape Lookout and Cape Fear, Topsail Island is a frequent target 
for hurricanes and tropical storms tracking along the mid-Atlantic coast.  Table 3.1 below 
is excerpted from hurricane history information on the State Climate Office of North 
Carolina website and shows the frequency and severity of hurricanes and tropical storms 
directly affecting southeastern North Carolina since 1800.  In addition to these direct 
landfalling storms, many storms that have passed offshore without making landfall have 
also impacted the study area.  Local impacts to Topsail Beach varied depending on the 
landfall location and strength of the storm.  However, Bertha and Fran in 1996 and Floyd 
in 1999 were among the most damaging and costly storms ever to hit North Carolina.      
 
3.02 Beach Erosion 
 
Over the last 40 years, the most serious long-term erosion has been occurring in the 
southern half of the study area, where erosion rates gradually increase from near zero in 
reach 13 to over 3 feet per year in reaches 5 to 7 (refer to Figure A-3 in Appendix A for 
reach locations).  Long-term shoreline change rates along the northern half of the study 
area have remained relatively low, generally ranging from –1 to +1 foot per year.  
However, major storms in the late 1990s caused significant erosion and decimated the 
island’s natural dunes, resulting in major property damage.  
 
3.03 Beach Recreation  
 
All reaches within the Topsail Beach study area are available for typical beach recreation 
activities – swimming, surfing, wading, walking, sightseeing, picnicking, sunbathing, 
surf fishing, jogging, and so on.  The concern regarding beach recreation is that shore 
erosion will continue, resulting in a narrowing of the width between the surf, especially at 
high tide, and the landward limits of recreational use.  Such landward limits are the toe of 
the dune, streets, or existing structures.  As the available width decreases, some of these 
activities are hindered and eventually prevented. 
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Table  3.1  Direct Landfalling Hurricanes and Tropical Storms in Southeastern North 
Carolina Since 1800. 

Approximate 
Date of Landfall 

Storm 
Name 

Saffir-
Simpson 

Intensity at 
Landfall 

Approximate Location of 
Landfall 

Estimated 
Wind Speed 

(kt) 

Storm 
Surge 
(ft.) 

9/16/1999 Floyd 2 Topsail Island 95  
8/26/1998 Bonnie 3 Cape Fear 100 6-8 

9/6/1996 Fran 3 Cape Fear 100 8-12 
7/13/1996 Bertha 2 Topsail Beach 90 5 

9/9/1984 Diana 1 Long Beach 80 5-6 
9/11/1960 Donna 2 East of Wilmington 95 6-8 
8/17/1955 Diane 1 Carolina Beach 75 5-9 

10/15/1954 Hazel 4 NC/SC border 125 10-20 

7/6/1946  Tropical 
Storm Wilmington 60  

8/1/1944  1 Southport 80  
12/2/1925  1 Wilmington/Hatteras 65  
9/22/1920  1 Topsail Beach 65  

9/6/1916  Tropical 
Storm Southport 35  

10/31/1899  1 Wrightsville Beach 80 8 
9/11/1883  1 Southport 85  

9/9/1881  NA Wilmington/Wrightsville   
08/18/1879  4 Wilmington/Cape Lookout 120  

9/17/1876  Tropical 
Storm NC/SC border 60  

11/10/1875  NA Long Beach   
9/28/1874  NA Southport 60  
8/19/1871  NA Southport   

9/4/1856  NA Wrightsville Beach   
8/18/1837  NA Cape Fear   

9/4/1834  NA NC/SC border   
9/3/1815  NA Wilmington/New Bern  10 

 
 
3.04 Public Access   
 
Many public beach access points and parking areas are present within the limits of the 
study area. The access points consist of small parking areas and wooden walkways to the 
beach.  There are 22 beach access points located within the Topsail Beach project limits.  
There are only 2 areas of the study area that presently do not have access points within ¼ 
mile, both near the north end of town.  One is 950 feet long overlapping reaches 17 and 
18 in the 1100 block of North Anderson Boulevard.  The other area is 330 feet long in 
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reach 22, located near the 700 block of North Anderson Boulevard.   There are presently 
about 374 public parking spaces available within one-quarter mile of the ocean-side 
access points.  These public parking spaces are found at the following locations: 1) near 
the 22 access sites, 2) along nearby streets, 3) at 2 parking lots near the center of town, 
and 4) at sound side access points along the Banks Channel side of the island.  A parking 
space count was conducted in June 2003 by the Wilmington District and a representative 
from the Town of Topsail Beach. The combined total was 374 spaces. In addition, the 
town has indicated in a more recent count during the summer of 2004, there may be at 
least 300 additional parking spaces unaccounted for on the rights of way (ROW) along 
town streets. Currently, the town does meet the minimum requirement of 10 spaces per 
access point for parking at most of the established public access points.  A map of the 
access locations is shown in Appendix F, Public Beach Access and Parking. 
 
 
3.05 Loss of Sea Turtle Nesting Habitat    
 
A shoreface comprised of beach, berm, and dune components can provide valuable 
nesting habitat for sea turtles. The loggerhead and green sea turtles, which are on the 
Federal list of threatened and endangered species, have been documented to nest on 
Topsail Beach. However, long-term shoreline erosion processes coupled with historical 
short-term hurricane events have led to significant sediment losses from the shoreface. As 
a result of these existing erosional activities, substantial portions of the berm and dune 
system have been lost putting nesting sea turtles at risk since little nesting habitat remains 
in these eroded areas. In some cases, nests laid in high erosion areas where available 
nesting habitat is lost need to be relocated to avoid tidal inundation (Jean Beasley, pers. 
comm.) (See Biological Assessment, Appendix I).  
 
Persistent erosion along the town of Topsail Beach could lead to complete loss of nesting 
habitat; however, as short-term erosional processes scour the existing shoreface and the 
nesting beach environment slowly erodes away, large scarps may form at the toe of the 
primary dune; thus, preventing a turtle from encountering suitable nesting habitat above 
the mean high tide line. Re-establishment of a berm and dune system with a gradual slope 
can enhance nesting success of sea turtles by providing suitable nest sites without 
escarpment obstacles and away from tidal inundation. 
 
3.06 Existing Shore Condition  
 
In March 2002, beach profile surveys were taken along Topsail Beach at 1000-foot 
intervals to determine existing conditions of the project shoreline.  Of the 26 shoreline 
profiles, 6 profiles were selected as representative of the existing condition and used for 
analysis.  These typical profiles are shown in Figure 3.1. 
    
The existing condition includes a fairly substantial constructed dune that was rebuilt 
following the decimation of the existing dune by Hurricane Fran in 1996.  The existing 
dune varies in height from 15 to 20 feet along most of Topsail Beach, however, the dune 
has very little crest width, if any, and very steep side slopes.  At the time of the surveys, 
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the dry beach width from the base of the dune (at about elevation 7 ft-NGVD) out to the 
MHW line (at elevation 2.1 ft-NGVD) was rather narrow, generally averaging only about 
60 feet.  No well-defined berm feature existed either, with the beachface generally 
sloping directly from the base of the dune seaward.   
 
Over the last 25 to 30 years, material resulting from maintenance dredging of the AIWW 
and connecting channels has been placed on the southern reaches of the study area in the 
vicinity of reaches 5 and 6.  This placement has occurred on an irregular basis, however, 
placement has generally occurred every 3 to 4 years on average, with dredging quantities 
varying considerably from 15,000 to 150,000 cubic yards and averaging less than 
100,000 cubic yards per event.  An exception to this was a one-time emergency 
placement of over 200,000 cubic yards of dredged material in 1997 following hurricane 
Fran. 
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Figure 3.1.  Topsail Beach Typical Profiles 
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3.07 Without Project Hydraulic Analysis 
 
The without project condition was analyzed using the Generalized Risk AND 
Uncertainty - Coastal  (GRANDUC) model to establish the base condition for alternative 
evaluation.  A range of storm responses (erosion distance, water level, volume lost, etc.) 
was determined for each of the typical existing profiles.  The study area was subdivided 
into reaches of approximately 1,000 feet each.  Reach 1 is located near New Topsail Inlet 
and reach 26 ends at the Topsail Beach – Surf City town boundary.  Based on 1,000 
different 50-year storm simulations, in conjunction with existing long-term erosion rates, 
average land losses and structure damages for each reach were computed to allow for 
comparative economic analysis of alternatives.  No allowance was made for future 
placement of maintenance dredging material because of the sporadic and variable nature 
of this work.   
 
3.08 Without Project Economic Analysis  
 
The study area is fully developed and the potential for hurricane-wave damage is high 
given the weakened natural dune system in this area.  Unlike long-term erosion which 
can be predicted, to some extent, based on past trends and observed shore processes, 
damages from hurricane wave attack can occur in any year, and can be predicted only as 
a mathematical probability.  Hurricane and storm damages in the Topsail Beach study 
area include damages to structures and contents, and to transportation infrastructure.  
Average annual hurricane and storm damages for the study area were computed using 
Wilmington District's computer models. These models integrate coastal engineering data, 
including storm frequency, storm surge, and long term erosion rates, with economic data, 
including the values of structures which could be damaged or destroyed, and the value of 
land which could be lost to erosion.  This subject is addressed in greater detail in 
Appendix D, Coastal Processes. 
 
Average annual hurricane and storm damages were estimated at $7,727,000 (see Table 
3.2). This number includes damages to structures due to short-term erosion during storm 
events, as well as inundation damage due to storm surge. It also includes damages from 
long term, progressive erosion. Long-term erosion damages are discussed in Section 3.02. 
 Without project damages will slightly increase because it will include structures 
expected to be built.  Average annual preventable emergency costs from hurricanes and 
storms are estimated to be $87,000, based on records from hurricanes Bertha, Fran, 
Bonnie, and Floyd. 
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Table 3.2 – Average annual damages, without project. 

Reach Storm Erosion Flood Wave Land/LTE Total Damage 
4 $136,481 $3,575 $38,715 $69,431 $248,202 
5 $249,561 $5,222 $44,432 $86,664 $385,880 
6 $536,526 $1,857 $30,387 $115,583 $684,353 
7 $482,542 $6,180 $40,526 $109,582 $638,830 
8 $437,191 $4,264 $30,803 $101,217 $573,475 
9 $303,419 $4,338 $35,037 $111,060 $453,854 

10 $446,484 $8,241 $55,345 $59,469 $569,539 
11 $156,148 $2,902 $7,519 $26,922 $193,491 
12 $123,686 $21,035 $7,557 $13,225 $165,503 
13 $108,880 $5,925 $136 $5,549 $120,489 
14 $123,361 $8,827 $70 $5,301 $137,559 
15 $239,238 $11,312 $1,609 $5,613 $257,772 
16 $303,813 $4,105 $163 $5,476 $313,556 
17 $143,360 $629 $0 $5,336 $149,325 
18 $158,377 $3,004 $433 $5,382 $167,196 
19 $530,045 $4,725 $466 $7,448 $542,685 
20 $582,649 $14 $0 $7,421 $590,084 
21 $197,507 $18,263 $328 $5,411 $221,509 
22 $273,700 $991 $0 $5,251 $279,941 
23 $271,380 $1,726 $535 $5,450 $279,091 
24 $293,850 $289 $380 $6,031 $300,550 
25 $224,876 $4,971 $4,068 $5,920 $239,836 
26 $200,404 $771 $3,113 $9,569 $213,856 

Totals $6,523,478 $123,165 $301,621 $778,312 $7,726,577 
 
Included in the estimate of damages are the direct costs of rebuilding highway NC50, the 
only road linking Topsail Beach to Surf City and the mainland.  Such costs include 
replacing fill, erosion protection for new fill, base course material, pavement, and 
associated utilities.  The estimate omits the indirect costs incurred if NC50 is damaged to 
the point of being impassable.  If NC50 should become impassable at the north end of 
town, then Topsail Beach loses all land access.  This would create the need to use more 
expensive transportation alternatives to the highway, such as boats, barges, or 
helicopters.  It also would limit the emergency response capabilities available in cases of 
medical emergencies or fires. 
 
3.09 Without Project Environmental Analysis  
 
Only those resources that have the potential to be affected by the no action alternative are 
included in the analysis, below.   
 
Sea Turtles.  There are no documented nesting attempts of hawksbill, leatherback, and 
Kemp’s ridley sea turtles on Topsail Island.  However, in regard to loggerhead and green 
sea turtles, Topsail Island is considered to be one of the more heavily nested areas along 
the North Carolina coast, with an average of 98 nests per season.  Without the proposed 
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project, continued erosion of the beach would result in losses of sea turtle nesting habitat 
and possible poor nest site selection by females.    
 
Seabeach Amaranth. Since 1992 the USACE has surveyed Topsail Beach for seabeach 
amaranth.  From 1992 until 2004, the average number of plants found on Topsail Beach 
during any given year was 2687.  The number of plants typically declines immediately 
following a hurricane, however, beach erosion is probably the primary threat to the 
continued presence of seabeach amaranth in the area.  Failure to construct the proposed 
project could result in continued loss of seabeach amaranth habitat.   
 
Water Resources.   Natural sedimentation and turbidity rates would continue to vary 
based on storm activity, rainfall, currents, and other natural phenomenon.   
 
Esthetic and Recreational Resources.  Continued erosion of the beach would result in a 
continually narrowing beach front, thus adversely affecting the recreation experience and 
esthetics of Topsail Beach.   
 
Community Cohesion, public facilities and services.  Ongoing erosion of the beach and 
degradation of the dune system by erosion and storms, could result in damage to public 
facilities, such as roads and utilities, and threats to human lives.  All of which would 
adversely affect services and community cohesion.     
 
Beach and Dune.  The 5.0 miles of currently eroding beach and dune complex would 
continue to deteriorate, thus endangering public infrastructure, public and private 
property, human lives, and important habitat for a variety of plants and animals.   
 
Flood Plains.  The floodplain in the Topsail Beach area is currently being adversely 
affected by erosion and the continued deterioration of the beach and dune complex.  
These effects will become more pronounced as the beach continues to erode and future 
storms encroach upon the area.   
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4.  PLANNING OBJECTIVES 
 
4.01 Goals 
 
Identification and consideration of the problems, needs, and opportunities of the study 
area in the context of Federal authorities, policies, and guidelines resulted in the 
establishment of the following goals: 
 
 a. Reduce the adverse economic and environmental effects of hurricanes and 

other storms at Topsail Beach. 
 
 b. Find problem solutions that are protective of the environment through 

avoidance or minimization of impacts to natural resources, including beach 
invertebrates, shorebirds, marine fish, marine mammals, and their habitats,  
throughout the economic life of any proposed Federal action. 

 
 c. Protect endangered and threatened species and their habitats within the project 

area. 
 
4.02 Constraints 
 
The planning process is subject to the limitations imposed by the following constraints: 
 
 a. Geographic limits of the study authority but including the affected area of the 

environment. 
 
 b. Federal policy guidance included in the Planning Guidance Notebook (ER 

1105-2-100) regarding the planning process and methods of analysis for Federal 
projects. 

 
 c. Applicable Federal and State laws. 
 
 d. Current limits of knowledge, information, and predictive ability. 
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5.  PLAN FORMULATION AND EVALUATION OF ALTERNATIVES 
 
Following identification of existing conditions, problems, needs, opportunities, planning 
goals and planning constraints, this section describes the plan formulation process.  A 
number of alternatives are usually identified early in the planning process, and their 
number is reduced by screening, evaluation, and comparison in an iterative sequence in 
increasing levels of detail to lead to identification of the selected plan.   
 
This General Reevaluation Report (GRR) follows a previous feasibility study for Topsail 
Beach completed in December 1990.  That feasibility study described a National 
Economic Development (NED) and a locally preferred plan.  The locally preferred plan 
was the recommended plan, which was a beachfill consisting of a 25-foot top width dune 
at elevation 13 feet NGVD, fronted by a 35-foot wide storm berm at elevation 9 feet 
NGVD and a 40-foot wide beach berm at elevation 7 feet NGVD.  The southern end of 
the main beachfill was located at the north end of reach 2 of the present GRR.  The total 
project length was 19,200 feet, including 10,250 feet of the main fill, 7,150 feet of the 
northern transition fill, and 1,800 feet of the southern transition fill.  The difference 
between the NED plan and the recommended plan involved the southern termination of 
the project and resulting differences in renourishment interval.  The NED plan terminated 
with a 1,010-foot long terminal groin and had a 4-year renourishment interval.  The 
recommended plan terminated with the transition fill and had a 2-year renourishment 
interval.   
 
Several conditions have changed in the years between completion of the 1990 feasibility 
study and the initiation of the GRR in February 2001.  The value and numbers of 
structures have increased significantly.   Repeated storms in the 1990’s eroded much of 
the beach and destroyed several structures.  New Topsail Inlet moved southward 
approximately 2,000 feet.  Therefore in this GRR, the plan formulation process has been 
reinitiated rather than merely updating the costs, benefits, and impacts of the originally 
formulated plans.  The goals and constraints of the plans remain effectively the same.  
 
Plan formulation for this study consisted of the following: (1) establishment of criteria 
by which alternatives would be evaluated; (2) identification, analysis, and screening of 
measures; (3) identification of alternative plans; (4) screening of alternative plans; and 
(5) evaluation of alternative plans.  Each of these steps is discussed below. 
 
5.01 Formulation and Evaluation Criteria 
 
Alternative plans are evaluated through application of numerous, rigorous criteria.  These 
include basic, general criteria as well as four categories of technical criteria, including (1) 
engineering, (2) economic, (3) environmental, and (4) institutional items.  These are as 
follows: 
 
General Criteria 

• Plan must comply with applicable Federal laws and regulations; 



 

-- 51 -- 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

Draft General Reevaluation Report and Draft Environmental Impact Statement 

• Plan must comply with applicable State and local laws and regulations, to the 
maximum extent practicable; 

• Plan must comply with Corps of Engineers regulations.  
 
Engineering Criteria 

• Must represent sound, acceptable, and safe engineering solution; 
 
Economic Criteria 

• Plan must contribute benefits to National Economic Development; 
• Tangible benefits of a plan must exceed economic costs; 
• Each separable unit of improvement must provide benefits at least equal to costs; 
• Recreation benefits may not be more than 50 percent of the total benefits required for 

economic justification; 
• Plan implementation may not preclude development of more economical means of 

accomplishing the same purpose; 
 
Environmental Criteria 

• Plan may not result in unacceptable adverse impacts on the environment; 
 
Institutional Criteria  

• Plan must satisfactorily address the identified needs and concerns of the public; 
• Plan must be implementable with respect to financial and institutional capabilities; 
• Plan must be implementable with regard to public support 

 
5.02 Identification, Examination, and Screening of Measures 
 
There are an extremely large variety of potential measures that might be considered in the 
formulation of plans.  The measures generally are categorized as either structural or 
nonstructural.  Structural measures are those that directly affect conditions that cause 
storm damage and erosion.  The nonstructural measures are those taken to reduce 
damages without directly affecting those conditions.  Finally there is the No-Action Plan 
where no institutional or structural measure is applied. 
 
A wide variety of structural measures are possible.  They are beachfills, breakwaters, 
seawalls, and groins.  Beachfill measures consist of berms, dunes, and terminal sections.  
The beachfill measures are considered some of the most appropriate, since they mimic 
the natural environment and can be shaped to maximize net storm damage reduction 
benefits.  Groins can be a terminal groin near an inlet, or can be installed as a repetitive 
groin field throughout the project length.  A terminal groin at New Topsail Inlet was 
identified as a measure in the NED plan in the original report.  This measure was retained 
for consideration.  Groin fields were rejected as a measure because of the possibility of 
causing increased beach losses outside of the project area.  Seawalls, bulkheads, and 
revetments are appropriate for reducing structural damage, however they would not meet 
the goal of preserving recreational and environmental value of the beach profile and were 
rejected as measures.  Breakwaters can be used in erosional hotspots were it is difficult to 
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maintain a beachfill, however, no such condition appropriate for breakwaters was found 
in the project area.  Moreover, while offshore breakwaters may reduce erosion in their 
lee, these benefits may be offset by accelerated erosion of the downdrift shoreline due to 
interruption of the littoral drift.  Vegetation and sand fencing help retain windblown sand, 
but do not provide adequate storm protection for moderate to severe storms.   
 
Nonstructural measures considered are changes in regulations and physical modifications 
to reduce damages.  Some regulatory measures are coastal building codes, building 
construction setbacks, and floodplain regulations.  Most regulatory measures are no 
longer considered for potential in the alternative plans because these measures have 
already been implemented, they do not affect older structures, and there are few 
buildable, vacant lots remaining that would benefit.  These measures are considered as 
part of the existing conditions.  They have reduced damages from past events, and as 
older structures are replaced, will help to reduce future damages.  Another category of 
nonstructural measures is reduction of the damage threat by removing beachfront 
structures from the threat.  The three removal measures are retreat, relocation, and 
demolition.  Retreat is moving an existing structure away from the shoreline a short 
distance within the same property parcel.  Relocation is moving an existing structure 
away from the shoreline a longer distance to a vacant property.  Acquisition of the 
property and demolition of the structure is a third measure where retreat or relocation is 
not feasible.  These removal measures were retained for consideration in the 
nonstructural alternative. 
 
The selected structural measures are beachfills and a terminal groin.  The selected 
nonstructural measures are retreat, relocation, and demolition.  These measures can be 
applied independently and in combinations with each other to develop alternative plans.   
 
5.03 Identification of Initial Alternative Plans 
 
Beachfill plans were initially developed to extend the entire length of the town.  The two 
basic types of beachfills are a berm only and a berm and dune together.  For all plans the 
berm elevation is 7 feet, the locally natural berm elevation for this coast.  This reduction 
in berm elevation from the previously authorized plan’s berm elevation of 9 ft-NGVD to 
7 ft-NGVD was made because of concerns that the artificially high berm would result in 
persistent scarping along the beach face.  The north end of the beachfill plans would be a 
tapered transition section.  The two alternatives for the south end of the beachfill plans 
are a transition section and a terminal groin.  The nonstructural plans consist of retreats, 
relocations, and demolitions applied to threatened structures on an individual case basis.  
Combinations of beachfill and nonstructural plans were also considered. 
 
5.04 Screening of Alternative Plans 
 
All but two of the initial alternative plans developed using the selected measures were 
considered to have sufficient potential for feasibility to be continued into economic 
evaluations of costs and benefits.  One plan screened out was a combination beachfill and 
nonstructural plan.  That combination plan would relocate any structures that were 
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identified as being substantially closer to the beach than nearby structures and place the 
overall location of the beachfill more landward, reducing the beachfill volume.   After a 
close examination of the area no such structures were identified and the combination plan 
was dropped from further considerations.  Another plan dropped during the screening 
process was the terminal groin and beachfill plan.  This plan was dropped for two 
reasons.  First, New Topsail Inlet has migrated southward far enough that a tapered 
beachfill transition could now be situated at the southern terminus of the project to reduce 
end losses, instead of a terminal groin.  Second, the terminal groin had a higher initial 
cost, approximately $2,900,000, than the tapered beachfill transition initial cost, 
approximately $600,000, yet did not reduce renourishment costs nor provide any 
additional project benefits.  Therefore, the terminal groin was dropped for both technical 
and feasibility reasons.   
 
5.05 Evaluation of Alternative Plans 
 
5.05.1  Beachfill Evaluations.   
 
The remaining alternative plans would now be evaluated based on costs and benefits.  
Benefits of all the plans were evaluated using the GRANDUC program.  The program 
estimates the present worth of average annual damages for the no-action plan, and the 
various alternative plans, including the nonstructural plan.  GRANDUC estimates present 
worth costs for the alternative plans based on initial sand volumes and renourishment 
sand volumes needed to replenish sand lost due to long-term and storm erosion.  
GRANDUC applies unit costs for dredging these sand volumes and applies mobilization 
and demobilization costs for each job.  Other costs included are engineering and design 
costs and contract supervision and administration.  Other minor costs for tilling, 
vegetation, and walkover structures were omitted from the beachfill formulation process 
because the incremental differences between plans are negligible.  These costs would 
later be included in the evaluation of the final plans. 
 
A common assumption of all beachfill plans was regarding borrow material.  While 
geotechnical, environmental and cultural resource surveys of the borrow sites were 
conducted, plans were being simultaneously evaluated.  It was assumed that sufficient 
quantity of off-shore sand was available for the project within 5.5 miles and that a 
pipeline dredge would perform the initial construction with following renourishments 
performed by hopper dredges.  Costs for all beachfill alternatives used the same 
mobilization costs and unit costs per cubic yard of dredging.  A common loss factor 
between volume dredged and volume placed was used for all beachfill plans.  
 
To evaluate alternative plan benefits, a comparison was made of without project damages 
with the with-project residual damages.  This difference defines the damage reduction 
benefits.  These benefits were determined for each reach and for each alternative.  
Recreation benefits were not included at this level of plan evaluation.     
 
To assist in incremental analysis of the beachfill plans, costs and benefits of the beachfill 
plans were computed for each reach.  The process of identifying potentially feasible 
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reaches was called scoping.  A mid-range dune and berm cross section was selected as 
being representative for reach scoping.  For this project, the cross section selected had a 
dune with a 25-foot top width at elevation 13 feet NGVD fronted by a 50-foot wide berm 
at elevation 7 feet NGVD. 
 
The results of the scoping showed most reaches had relatively good net benefits, some 
had very high net benefits, and a few had negative net benefits.  Reaches 1 and 2 do not 
have shorefront development and were dropped from additional study.  Located together 
at the southern endpoint of the project, reach 3 had negative net benefits and was 
considered not to have further potential for feasibility.  These were the only reaches 
excluded by the scoping analysis.   
 
5.05.2  Nonstructural Evaluation.   
 
Costs for moving structures are very specific and vary greatly depending on site 
conditions, travel route, and on structure size and construction.  Several broad 
assumptions were necessary to make a manageable evaluation of this plan.  Structures 
were categorized as one of three general relocation types, plus large commercial 
structures such as hotels.  Because of the rapid rate of development in Topsail Beach, 
only one third of the existing vacant lots were assumed available for relocation.  Costs for 
each relocation type of structure were estimated for each of the three measures – retreat, 
relocation, and demolition.  The costs for each structure were subtotaled by project reach 
and for the entire project area.  More detailed discussion of the nonstructural plan is 
contained in Appendix P, Nonstructural Alternatives 
 
The GRANDUC program was also used to evaluate benefits of the nonstructural plan.  
The structure database was modified to delete all first row structures, whether actually 
planned for retreat or for removal.  The without project condition damages were 
recomputed based on this revised database to estimate residual damages for the 
nonstructural plan.  The difference in residual damages represented the present worth of 
average annual storm damage reduction benefits.  Because the nonstructural plan does 
not prevent beach erosion, no recreation benefits were assigned.  The nonstructural plan 
does not benefit highway NC50 where it is threatened by erosion at the north end of 
town. 
 
The present value economics of the nonstructural plan are displayed in Table 5.1.  The 
overall net benefits are less than zero with a benefit to cost ratio of 0.92.  Because the 
nonstructural plan is not economically feasible, it was not further evaluated for technical 
feasibility or for acceptability.  
 
Table 5.1.  Nonstructural plan economics.  All numbers are present worth. 

BENEFITS COSTS NET BENEFITS 

$108,000,000 $117,300,000 -$9,300,000 
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5.06 Optimization and Comparison of Alternative Plans 
 
Evaluation of plans at this point has narrowed the alternatives to beachfills in reaches 4 
through 26 with tapered transition sections at each end.  The end of the south transition 
section is limited to the middle of reach 2 by an area identified by USFWS as foraging 
habitat for the piping plover, an endangered species.  Cost estimates were now developed 
using the MCACES format based on construction quantities produced from the 
GRANDUC evaluations.  Plans were designated in the format, Plan DDBB, where DD 
represents the dune elevation in feet NGVD datum, and BB represent the berm width 
from the seaward toe of dune to the top of the foreshore slope.  For example, a plan with 
a 12 foot elevation dune and a 25 foot wide berm is named Plan 1225.   
 
5.06.1  Cross sections. 
 
Higher storm dunes and wider berms result in both higher benefits and higher costs.    
Initially, dune elevations of 11, 13, and 15 feet were evaluated for berm widths of 25, 50, 
and 75 feet, and the 50-foot wide berm was found to consistently yield the greatest net 
benefits.  Next various dune elevations were evaluated with the preferred 50-foot berm 
width.  Dune elevations between 11 and 17 feet were all found to be economically 
feasible.  There was little difference in net benefits for dune elevations between 13 and 
16 feet with Plan 1550 having the maximum net benefits.  
 
5.06.2 Modifications. 
 
Before identifying Plan 1550 as the NED plan a modification to the southern transition 
was considered.  During the prior scoping analysis reach 3 did not appear to have 
sufficient expected annual damages to support a project.  However, the distribution of 
damages within that reach is unbalanced.  A plan to extend the 1550 dune and berm to 
include the more developed shoreline in the north half of reach 3 was developed and 
named 1550X.  The south transition of Plan 1550X was shortened to 1,000 feet to end at 
the piping plover foraging habitat in reach 2, the same endpoint as with Plan 1550.  This 
modification was also applied to the other plans to create Plans 1150X, 1250X, 1350X, 
1450X, and 1650X. 
 
5.06.3  Borrow Site Comparisons. 
 
The preliminary identification of borrow areas for the project included New Topsail Inlet, 
the connecting channel between the AIWW and New Topsail Inlet, Banks Channel 
behind Topsail Island, and ocean waters off Topsail Beach in water depths greater than 
30 feet below NGVD. The results of a geophysical investigation conducted by Ocean 
Surveys, Inc. (OSI) were used to define the boundaries of the offshore borrow areas. 
 
As identified in Section 2 (b) of the Coastal Barrier Resources Act CBRA, Public Law 
97-348 (96 Stat. 1653; 16 U.S.C. 3501 et seq.), the purpose of CBRA is to “minimize the 
loss of human life, wasteful expenditure of Federal revenues, and the damage to fish, 
wildlife, and other natural resources associated with the coastal barriers along the 
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Atlantic and Gulf coasts by restricting future Federal expenditures and financial 
assistance which have the effect of encouraging development of coastal barriers, by 
establishing a Coastal Barrier Resources System, and by considering the means and 
measures by which the long-term conservation of these fish, wildlife, and other natural 
resources may be achieved.”  The CBRA designated various undeveloped coastal barrier 
islands, depicted by specific maps, for inclusion in the Coastal Barrier Resources System 
(CBRS). Areas so designated were made ineligible for direct or indirect Federal financial 
assistance that might support development, including flood insurance, except for 
emergency life-saving activities.  These areas included in the System are to be reviewed 
by the Secretary of the Interior “at least once every five years in order to make minor and 
technical modifications to the boundaries of system units as are necessary solely to 
reflect changes that have occurred in the size or location of any system units as a result of 
natural forces.”  The last such boundary modification occurred in 1990, and at the time 
extended the northern boundary of the Lea Island CBRS (aka Lea Island CBRA Zone 
L07) to the middle of New Topsail Inlet.  Subsequent realignment of that inlet through 
natural causes now places the entire inlet, and portions of the south end of Topsail Island 
and Banks channel, completely within the Lea Island CBRS (Appendix A, Figure A-1).  
New reviews of the CBRS boundaries are currently underway, but whether or how those 
boundaries may be adjusted is unknown during preparation of this report.  
 
In general, no Federal funding may be used for physical or planning activities carried out 
within a CBRS area. However, exceptions for certain activities identified in Section 6 of 
the CBRA allow Federal expenditures or financial assistance within the CBRS. 
Specifically, “the maintenance of existing channel improvements and related structures, 
such as jetties, and including the disposal of dredge materials related to such 
improvements…scientific research, including but not limited to aeronautical, 
atmospheric, space, geologic, marine, fish and wildlife and other research, development, 
and applications…[and] nonstructural projects for shoreline stabilization that are 
designed to mimic, enhance, or restore natural stabilization systems” are exempt from 
CBRA restrictions. As such, Corps geological studies of the area are authorized, as is 
maintenance dredging of the existing navigational channel within New Topsail Inlet. The 
Department of the Interior, however, reads CBRA to prohibit the transfer of sand from 
within a CBRS to a location outside the CBRS.  While Wilmington District does not 
necessarily agree with this interpretation, it does acknowledge that in combination with 
other environmental factors, which include the constituent elements of piping plover 
habitat and other estuarine resources, the CBRA issue makes it impractical to pursue 
borrow sites within CRBA zones as viable alternatives at this time. 
 
A sediment compatibility analysis was performed for the New Topsail Inlet and the 
connecting channel between the AIWW and New Topsail Inlet.  The analysis indicated 
New Topsail Inlet material was compatible with native material at Topsail Beach and the 
connecting channel material was not compatible.  Regardless, the New Topsail Inlet and 
the connecting channel between the AIWW and New Topsail Inlet were eliminated as 
borrow areas because they are currently located within the Lea Island complex (L07) of 
the CBRS, and contain constituent elements of piping plover habitat and other estuarine 
resources to the extent that other alternatives are environmentally preferable. 
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As discussed in section 1.01, a Federal shore protection project was authorized for 
Topsail Beach in 1992.  The proposed borrow area for this 1992 project is shown in 
Appendix A, Figure A-2 and included a portion of Banks Channel.  Banks Channel was 
also considered as a potential borrow area for this current Federal project.  Banks 
Channel is a Federal authorized connecting channel of 7 feet deep (+2 feet) and 80 feet 
wide extending from the CBRA zone at the New Topsail Inlet to the AIWW for an 
approximate length of 6.27 miles.  The USACE, Wilmington District, collected 32 
vibracore borings in Banks Channel from June to August 2003.  A total of 82 samples 
was tested for grain size analysis and a compatibility analysis was conducted to compare 
the grain size of the native Topsail Beach to the material in Banks Channel.  The analysis 
determined an overfill ratio of 1.08 which indicates the material in Banks Channel is 
compatible with the native material at Topsail Beach.  Hydrographic surveys of Banks 
Channel were conducted by USACE, Wilmington District from July 2001 to February 
2003.  A conservative estimate of the volume of sediment available in the Federally 
authorized navigation boundaries of Banks Channel is approximately 94,000 cubic yards. 
 
The use of Banks Channel to supplement a renourishment cycle would require the 
mobilization of a second dredge for a negligible amount of material.  In addition, 
expansion of the borrow area in Banks Channel beyond the authorized navigation 
channel boundaries to the 1992 borrow area boundaries, would require extensive 
coordination with the environmental agencies.  Also, this would potentially increase 
mitigation requirements, due to the fact that this area contains the constituent elements of 
piping plover habitat as well as other estuarine resources.  Therefore, Banks Channel is 
eliminated as a borrow area for this project.   
 
Six offshore borrow areas were identified for the further evaluation as potential borrow 
sources for Topsail Beach.  These borrow areas are discussed in more detail in section 
7.04. 
 
5.06.4 Economic Comparisons. 
 
Table 5.2 presents the economic comparisons of 9 of the plans as described in section 
5.06.  All values are shown as average annual equivalent value discounted at the FY2004 
federal water resources interest rate of 5 3/8 % over a 50-year project life.  The 
GRANDUC model estimates damages in three categories and selects the greatest of the 
three for both the with and without project conditions, preventing the double counting of 
benefits in the analysis.  Regarding the increase in flood damages indicated in Table 5.2, 
as storm erosion and long-term land losses are reduced, flood damages begin to 
dominate.  Also, structures that might have otherwise been taken out by storm and wave 
damage without a project are now subject to additional flood damages.  Recreation 
benefits will be included as incidental benefits in the total benefit accounting, but they 
are not included in Table 5.2 in the formulation of the project with respect to size and 
scope. 
 
 Table 5.2  Economic Comparisons, Average Annual Values in Thousands 
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Benefits 
 

Plan Storm 
Erosion Flood Wave Land & Long 

Term Erosion

Reduced 
Emergency 

Costs 
Total 

Costs Net 
Benefits 

1150  $5,432   $(53)  $68   $850  $87  $6,383  $2,927   $3,456 
1150X  $5,437   $(54)  $68   $850  $87  $6,387  $2,943   $3,444 
1250  $5,633   $(55)  $69   $850  $87  $6,584  $3,013   $3,571 
1250X  $5,638   $(55)  $69   $850  $87  $6,588  $3,027   $3,561 
1350  $5,772   $(62)  $128   $850  $87  $6,775  $3,185   $3,590 
1350X  $5,781   $(63)  $128   $850  $87  $6,783  $3,204   $3,579 
1450  $5,984   $(69)  $150   $850  $87  $7,002  $3,321   $3,681 
1450X  $5,995   $(70)  $150   $850  $87  $7,012  $3,337   $3,675 
1550  $6,136   $(74)  $168   $850  $87  $7,168  $3,440   $3,728 
1550X  $6,149   $(76)  $168   $850  $87  $7,179  $3,463   $3,716 
1650  $6,250   $(75)  $189   $850  $87  $7,301  $3,574   $3,727 
1650X  $6,263   $(77)  $189   $850  $87  $7,312  $3,596   $3,716 
1750  $6,322   $(77)  $204   $849  $87  $7,385  $3,705   $3,680 
 
5.06.5 Environmental Comparisons of Plans.   
 
In addition to the economic comparison, the impacts of the major categories of plans on 
the resources described in Section 2.00, Affected Environment, are considered.  Table 5.3 
presents the comparative impacts on these resources
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Table 5.3  Comparative Impacts of the Proposed Plan to the Nonstructural and No Action Alternative 
Resource Beachfill Alternatives Nonstructural Alternative No Action 
Socioeconomic 
Resources 

1.  Improved recreational quality on 
expanded beach 
 
2. Greater protection of oceanfront land, 
roads/utilities, structures, and personal 
property 
 
3. Economically Justified  
 
 
 
 

1. More remote undisturbed beach 
 
2. Eliminates need for future 
protection of structures, land loss 
continues  
 
3.  Displaces beachfront 
homeowners and businesses. 
Reduced tax base.  Expected cost 
exceeds benefits. 

1.  Continued deterioration of the 
existing beach 
 
2.  Continued threat to oceanfront 
land, roads/utilities, structures, 
and personal property 
 
3. NED benefits foregone 
 
 

Recreational and 
Aesthetic Resources 

1.  Improved appearance of beach will 
enhance recreational experience. Wider 
berm would increase recreation area. 
 
2.  Temporary inconvenience to beach 
users during initial construction and 
future maintenance. 

1.  More natural appearance along 
the beach. Existing recreational 
capacity of beach maintained. 
Increased adjacent public lands. 
 
2.  Temporary inconvenience to 
beach users during demolition or 
removal of structures. 

1. Continued deterioration of 
beach appearance and berm width  
 
2.   Status quo maintained 
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Table 5.3  (continued) Comparative Impacts of the Proposed Plan to the Nonstructural and No Action Alternative 
Resource Beachfill Alternatives Nonstructural Alternative No Action 
Marine Resources 1.  Benthic organisms in borrow areas 

will be removed, but will be recolonized 
by opportunistic species 
  
2. Temporary impacts on intertidal 
microfauna in the immediate vicinity of 
the beach nourishment 
 
3. Reduces needs for bulldozing, beach 
scraping, and sand bags 
 
4. Short term, recurring impacts to 
fishing areas  
 
5. Temporary impacts to adult, larval, 
and juvenile fish due to turbidity and 
reduced benthic food in dredging and 
disposal areas. 

1. Status quo maintained   
 
2.  Status quo maintained  
 
3. Eliminates needs for bulldozing, 
beach scraping, and sand bags.  
Eliminates re-occurring loss of 
invertebrates along beach. 
 
4.  Temporary inconvenience to 
beach fishermen during demolition 
or removal of structures.  Status quo 
maintained in near shore waters.   
 
5. Status quo maintained. 
 

1. Status quo maintained 
 
2. Status quo maintained 
 
3. Status quo maintained.   
   
4. Status quo maintained.   
 
5. Status quo maintained 

Natural Communities 
 
 
 
 

1.  The dune and berm would be re-
established and the dune vegetated, 
resulting in an extended shoreline  
  
2.  Bottom substrate and bathymetry 
along 4210 acres of nearshore ocean 
would be modified. 

1.  The beach would continue to 
erode, existing overwash areas 
would expand and new overwash 
areas would form.  
 
2.  Status quo maintained 

1.  The beach would continue to 
erode, existing overwash areas 
would expand and new overwash 
areas would form.  
 
2.  Status quo maintained 
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Table 5.3  (continued) Comparative Impacts of the Proposed Plan to the Nonstructural and No Action Alternative 
Resource Beachfill Alternatives Nonstructural Alternative No Action 
Threatened and 
Endangered Species 
 
 

1. Placement of fill will increase nesting 
habitat for sea turtles.   
 
2.  Placement of fill may increase beach 
hardness and alter other physical 
characteristics of the beach that may 
affect the nesting environment of sea 
turtles. 
 
3.  May affect piping plover foraging, 
sheltering, and roosting areas. 
 
4.  Placement of fill would increase 
seabeach amaranth habitat. 
 
5.  Minimal threat of collision with 
whales during dredging operations. 

1.  Conditions for loggerhead and 
green sea turtle nesting would be 
improved by reduced disturbance 
and artificial lighting  
 
2.  Status quo maintained  
 
3.  Conditions for piping plover may 
be improved by reduced disturbance 
and new overwash areas. 
 
4.  Conditions for seabeach 
amaranth may be improved by 
reduced disturbance 
 
5.  Status quo maintained 
 

1.  Continued erosion of the beach 
would result in losses of sea turtle 
nesting habitat and possible poor 
site selection by females.    
 
2.  Status quo maintained 
 
3.  Status quo maintained 
 
4.  Continued erosion of beaches 
would result in loss of seabeach 
amaranth habitat 
 
5.  Status quo maintained 
 

Water Quality 1.  Temporary elevated turbidities over 
existing conditions during initial 
construction and nourishment in the 
nearshore and offshore borrow areas. 

Status quo maintained 
 
 

1.  Status quo maintained 
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Table 5.3  (continued) Comparative Impacts of the Proposed Plan to the Nonstructural and No Action Alternative 
Resource Beachfill Alternatives Nonstructural Alternative No Action 
Cultural Resources 
 

1.  No effects 
 

1. Potential resource impacted by 
natural processes or storms. 
Relocation could affect any historic 
structures. 

1. Potential resource impacted by 
natural processes or storms. 

HTRW 
 
 

1.  Remote possibility exists that OEW 
(anti-aircraft ammunition) could be 
present in the material to be dredged 
from offshore borrow areas and placed 
on the beach.     
 
2.  Remote possibility that dredging in 
offshore borrow areas could encounter 
missile (no OEW) and place it on beach 

1.  Status quo maintained 
 
2.  Status quo maintained 

1.  Status quo maintained 
 
2.  Status quo maintained 

Other significant 
resources 
 
 
 
 
 

1.  Temporary noise increases during 
construction and maintenance events 
 
2.  Minor, short-term increases in 
boat/floating plant traffic 
 
3.  Beneficial effects of the storm 
protection project on community 
cohesion, public facilities (including 
roads and utilities) and services.   

1.  Temporary noise increases 
during demolition or removal of 
structures 
 
2.  Status quo maintained 
 
3.  Initially detrimental to 
community cohesion, public 
facilities (near beach) and some 
services. 

1.  Status quo maintained 
 
2.  Status quo maintained 
 
3.  Continued erosion of beaches 
would be detrimental to 
community cohesion and public 
facilities. 
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6.  PLAN SELECTION  
 
6.01 National Economic Development Plan 
 
The National Economic Development (NED) Plan is the alternative among plans with the 
greatest net economic benefits.  The dune and berm plan, named 1550, having the 
greatest net economic benefits, is the NED plan.  Plan 1550 consists of a 26,200-foot 
long dune and berm system to be constructed to a height of 15 feet NGVD fronted by a 7-
foot NGVD (50-foot wide) beach berm with a main fill length of 22,800 feet, from 
Godwin Avenue to the Topsail Beach town limit, and having 2,000-foot transition length 
on the north end and a 1,400-foot transition on the south end.   
 
6.02 Locally Preferred Plan (LPP) 
 
The Town of Topsail Beach has selected Plan 1250X as the Locally Preferred Plan.  Plan 
1250X consists of a 26,200-foot long dune and berm system to be constructed to a height 
of 12 feet NGVD fronted by a 7-foot NGVD (50-foot wide) beach berm with a main fill 
length of 23,200 feet, from a point 400 feet southwest of Godwin Avenue to the Topsail 
Beach town limit, and having 2,000-foot transition length on the north end and a 1,000-
foot transition on the south end.   
 
6.03 Other Plans 
 
No other plan has been proposed as being the selected plan.   
 
6.04 Selected Plan 
 
In some instances there are reasons for selection of a plan other than the NED plan.  
Recommended projects which are smaller than the NED plan will normally be considered 
favorable for an exception to the NED requirements.  Affordability is a valid reason for 
selecting a plan smaller (less costly) than the NED plan. 
 
The Locally Preferred Plan, Plan 1250X, is the selected plan for recommendation for 
Federal action.  The LPP is has a dune 3 feet lower and 400 feet longer than the NED 
Plan.  The initial construction cost of the LPP is lower than the NED plan, and the 
renourishment costs are about the same. 
 
The lower elevation dune of the LPP does not provide as much storm damage reduction 
as the NED plan.  Average annual storm damage reduction benefits as shown in Table 5.2 
are $7,168,000 for the NED plan and for the LPP are $6,588,000, a reduction of 
$580,000, or 8%.  Recreation benefits are the same for both plans. 
 
Average annual costs of shown in Table 5.2 are $3,440,000 for the NED plan and for the 
LPP are $3,027,000.  The renourishment volumes and cost for both plans are the same, 
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with the cost differences being in the Total First Costs.   Total First Costs are 
$29,264,000 for the NED plan and for the LPP are $22,218,000.   
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7.  THE SELECTED PLAN  
 
The purpose of this report section is to centralize information concerning the Selected 
Plan.  The Selected Plan is discussed in terms of features, construction, maintenance, real 
estate requirements, accomplishments, and economic feasibility. 
 
7.01 Plan Description and Components 
 
The Selected Plan is Plan 1250X, which is the Locally Preferred Plan.  Plan 1250X 
consists of a 26,200-foot long dune and berm system.  Sand for the beachfill would be 
delivered from offshore borrow areas by dredge.   A cross section is shown in Figure 7.1 
and a plan view is shown in Figure 7.2, and in more detail in Appendix A, Project Maps. 
 
7.01.1  Main fill 
 
The plan has a main fill length of 23,200 feet, from approximately 400 feet southwest of 
Godwin Avenue, in reach 3, to the Topsail Beach town limit in reach 26.  The two 
essential features of the selected plan are the dune and the berm. 
 
The plan has a dune at a height of 12 feet NGVD and with a crest width of 25 feet.  The 
side slopes of the dune are 5H:1V on the landward side and 10H:1V on the seaward side 
to the berm. 
 
The plan includes a berm seaward of the dune.   The berm has a flat, level section with an 
elevation of 7-feet NGVD and an optimum width of 50 feet.  The seaward slope of the 
berm extends the beach fill approximately another 100 feet at a slope of 15 horizontal to 
1 vertical down to Mean Low Water (MLW) elevation (-1.9 feet-NGVD), below which 
the with-project profile parallels the existing profile out to a closure depth of 23 feet 
NGVD.  
 
The landward construction line for the project is placed to minimize impacts on existing 
structures, to parallel the existing shoreline, to allow the Perpetual Beach Storm Damage 
Reduction Easement to extend about 20 feet landward of the dune toe, and to tie the fill 
into a minimum elevation of 7 feet NGVD.   
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Figure 7.1  Plan 1250X, Locally Preferred Plan, Cross Section 
 
7.01.2  Transition Sections 
 
The transition sections at both ends of the main fill are necessary to improve project 
stability and reduce end losses.  The 2,000-foot northern transition consists of a tapered 
berm only, with the dune not extending beyond the limits of the main fill section, 
resulting in a starting transition berm width of 155 feet that uniformly tapers to zero.  The 
southern transition section is similar to the northern transition, except for the length of 
1,000 feet.   
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Figure 7.2   Plan 1250X, Locally Preferred Plan, Plan View
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7.02  Rationale for Support of the Locally Preferred Plan 
 
The Town of Topsail Beach notified Wilmington District of the town’s support for Plan 
1250X as the Locally Preferred Plan.  This plan has the highest benefit to cost ratio of the 
plans evaluated and has a lower initial cost than the NED plan.  The letter from Topsail 
Beach, dated January 13, 2006,  is contained in Appendix H.  
 
7.03  Design and Construction Considerations 
 
7.03.1 Initial Construction and Renourishment 
 
Initial construction will require approximately 3,223,000 cubic yards (CY) of sand from 
the borrow area with an overfill ratio of 1.35.  The material will be pumped to the beach 
by pipeline dredge and shaped on the beach by earth moving equipment.  The initial 
construction profile will extend seaward of the final design berm profile a variable 
distance to cover anticipated sand movement during and immediately following 
construction.  This variable distance will generally range from 100 to 200 feet along the 
project depending upon foreshore slopes established by the fill material.  Once sand 
redistribution along the foreshore occurs, the adjusted profile should resemble the design 
berm profile.  Initial beachfill construction will take 5 months to complete.  The project 
will be constructed in FY2011 (November 2010 – April 2011), subject to availability of 
funds.  Periodic renourishment will require approximately 866,000 CY of sand from the 
borrow areas with an overfill ratio of 1.25 at intervals of 4 years.  The renourishment 
material will be removed from the borrow areas by hopper dredge.  Delivery of sand 
could occur by hauling filled scows to a pumping station buoy or by hopper dredge 
hauling sand to the pipeline buoy.  In both initial construction and during renourishment 
the delivery pipeline will be placed to avoid the piping plover habitat areas along the 
south end of the beach and material between the toe of dune and mean high water line 
would be tilled to prevent compaction.  Over the 50 year life of the project 13,615,000 
CY of sand will be placed on Topsail Beach.  The volumes required are reported as 
borrow volumes including overfill ratios, not actual volume in place, which is less. 
 
7.03.2 Dune vegetation 
 
The dune portion of the project will be stabilized against wind losses by planting 
appropriate native beach grasses.  Dune stabilization would be accomplished by the 
vegetative planting of the dune during the optimum planting seasons and following the 
berm and dune construction.  Planting stocks will consist of a variety of native dune 
plants including sea oats (Uniola paniculata), American beachgrass (Ammophila 
breviligulata), panic grass (Panicum amarum), and seaside little bluestem (Littoralis 
variety).  The vegetative cover shall extend from the landward toe of the dune to the 
seaward intersection with the storm berm for the length of the dune.  Plant spacing 
guidelines will follow the recommendations provided by the North Carolina Sea Grant 
publication, "The Dune Book."  Sea oats will be the predominant plant with American 
beach grass and panic grass as a supplemental plant.  Seaside little bluestem will be 



 

-- 69 -- 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

Draft General Reevaluation Report and Draft Environmental Impact Statement 

planted on the backside of the dune away from the most extreme environment.  The total 
area for dune plantings is estimated to be 48 acres. 
 
7.03.3 Access   
 
The Town now has 22 public access sites, most with wooden dune walkovers.  Two of 
theses access sites are designated as a drive-over for vehicles.  The drive-over sites will 
provide access during construction of the beachfill for delivery and removal of the dredge 
pipeline and for other construction equipment.  The widest, most suitable site for access 
is at Drum Avenue.  Most of the existing dune walkovers will be totally or partially 
removed prior to beachfill construction.  After the beachfill is completed, new walkovers 
will be built and remaining walkovers will be extended over the dune.  Including 3 
proposed public access sites, the total number of walkovers required is estimated to be 
23.  Of these, approximately 5 will be constructed to allow wheelchairs to cross the dune. 
  
 
7.03.4 Renourishment Interval 
 
An analysis of various renourishment intervals from 2 to 8 years determined that a 7-year 
periodic nourishment cycle results in slightly higher net benefits.  However, for cycle 
lengths of 4 years or more, the net benefits are not extremely sensitive to the cycle length, 
so adjustment of the cycle length would not have a significant impact on net benefits or 
plan selection.  Concerns over dredging window constraints and impacts on turtle 
nesting, recreation, and storm protection due to loss of the berm and scarping of the dune 
with a 7-year renourishment interval outweigh the slight gain in net economic benefits.  
Therefore, the recommended renourishment interval is 4 years.  
 
7.03.5 Beachfill Monitoring 
 
A comprehensive monitoring program in accordance with USACE guidance (CEM Part 
V, Chapter 4 and CHETN II-35) is planned for the Topsail Beach shore protection 
project to assess and ensure project functionality throughout its design lifetime.  
Estimated annual costs for beachfill monitoring are $240,000.   The annual monitoring 
plan will consist of (1) semi-annual beach profile surveys, $130,800, (2) annual 
hydrographic survey of New Topsail Inlet, $5,800, (3) annual aerial photography of the 
inlet and beach (cost included in inlet hydrographic survey), (4) an annual monitoring 
report, $89,000, and (5) monitoring program coordination, $14,400.  Beach profile 
surveys will allow assessment of anticipated beachfill performance and determination of 
renourishment volume requirements.  In addition, whenever sporadic maintenance 
dredging of navigation channels results in dredged material being placed in the southern 
project area, surveys can account for this additional material and determine if upcoming 
renourishment quantities can possibly be reduced accordingly.  Hydrographic surveys of 
New Topsail Inlet will be useful for identifying any unanticipated project impacts on the 
adjacent inlet and evaluating sediment transport in the project area vicinity.  An aerial 
photographic record of the inlet and beach will further facilitate assessment of the 
beachfill performance and inlet response.  An annual monitoring report will be prepared 
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that presents the data collected and the corresponding analysis of project performance, 
including recommendations on renourishment requirements.   
 
7.03.6 Environmental Monitoring and Commitments. 
 
The following list is a brief summary of environmental commitments to protect listed 
species related to the construction and maintenance of the proposed project.  These 
commitments address agreements with agencies, mitigation measures, and construction 
practices and may be modified following public review of the EIS and resolution of 
comments received.  Further information on the development and details of these 
commitments is contained in Appendix I, Biological Assessment. 
 

• Hopper dredging – Adhere to National Marine Fisheries Service Regional 
Biological Opinion and South Atlantic Division Corps of Engineers protocol 
which requires a hopper dredging window of 1 December to 31 March, the use of 
turtle deflecting dragheads, inflow and/or overflow screening, and NMFS 
certified turtle and whale observers. 

 
• NMFS certified observers - These observers will be on board the hopper dredges 

during construction to minimize and document whale and turtle takings.    
 

• Sea turtle nesting – Monitor sea turtle nesting activities in beach nourishment 
areas, conduct daily surveys beginning at sunrise from May 1 until September 15 
and record information on false crawl location, nest location, and hatching 
success, monitor and remedy escarpment formation. 

 
• Seabeach amaranth - Monitoring seabeach amaranth to assess the post 

nourishment presence of plants.  
 

• Manatees - Implement precautionary measures for avoiding impacts to manatees 
during construction activities established by the USFWS.         

 
7.04 Borrow Area 
 
Six borrow areas are located in the ocean between 1 mile and 5.5 miles from the 
shoreline, as shown in Appendix A, Figure A-2.  These areas are between the 30-foot and 
60-foot NGVD depth contour.   The largest and closest site, borrow area A, has a 
sufficient sand layer thickness and volume to be designated as the borrow source for 
initial construction.  The total volume of suitable material available from all six sites is 
approximately 21,100,000 CY.  This volume is sufficient to meet the project 
requirements.  Detailed information on borrow areas is contained in Appendix C. 
 
7.04.1  Borrow Area Use Plan 
 
There are many possible sequences and methods for placing available material on the 
beach for the project.  The purpose of this plan is to discuss the following subjects: 
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borrow area characteristics; dredging specifics; project construction plan; project sand 
requirements, and borrow area utilization.  The economic optimization of the use of the 
borrow areas for the life of the project will be further evaluated when the final borrow 
area data has been collected and fully analyzed during the Plans and Specifications 
(P&S) phase.  Additional vibracore boring data will be collected and made a part of the 
final borrow area use plan, but for now, the currently defined borrow areas will be 
utilized.  In addition to borrow area parameters (material quantities and location), the 
dredging production rates and dredging window are critical to selection of the optimum 
borrow use plan. 
 
7.04.1.1  Borrow Area Parameters 
 
The offshore borrow areas as shown in Figure A-2, Appendix A are located beyond the 
30-foot NGVD depth contour to approximately 5.5 miles offshore.  The offshore borrow 
areas beyond 3 nautical miles offshore will be subject to federal mining requirements of 
the Minerals Management Service (MMS).  The borrow areas have been configured 
based on a geotechnical evaluation (Appendix C, Geotechnical Analysis) and results of 
the compatibility analysis (Appendix E, Sand Compatibility Analysis).   
 
Of the six (6) identified offshore borrow areas (A, B, C, D, E, and F), approximately 62% 
of the sand is located in borrow area A.  The characteristics of each borrow area is shown 
in Table 7.1.  Borrow area A is located approximately 1.5 miles south of New Topsail 
Inlet and will be the sole source of sand for initial construction of the proposed project 
and the major source of sand for the project.  Pipeline/hopper dredging distances from 
area A are approximately 3.5 miles to the project area.  The material in borrow areas B, 
D, E, and F is limited and will only be used for periodic nourishment cycles.  Borrow 
area C will only be used for contingency purposes, due to the relative long distance to the 
project area (over 5 miles).  Based on preliminary evaluations, borrow area F may be 
incompatible with native material at Topsail Beach.  However, additional 
characterization of the borrow areas will be conducted prior to use to confirm 
compatibility. 
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Table 7.1  Topsail Beach Project Borrow Area Characteristics 
Borrow 

Area 
Composite 
Grain Size 

Material 
Passing 

#200 Sieve 

Final 
Overfill 
Ratio 

Estimated 
 Volume (CY) 
and size (AC) 

Distance 
Offshore 
(miles) 

Surface 
Elevation (FT. 

MLLW) 

A 
2.35 phi 

(0.20 mm) 
7.6% 1.35 

13,200,000 
2,297 

1 
 to 3 

-38.5 
to –48.2 

B 
2.17 phi 

 (0.22 mm) 
5.0% 1.23 

820,000 
158 

1.5 
to 2.5 

-42.2 
to –43.2 

C 
2.32 phi 

(0.20 mm) 
4.4% 1.45 

2,570,000 
600 

4 
to 5.5 

-45.5 
 to -47.7 

D 
2.13 phi 

(0.23 mm) 
6.0% 1.22 

1,860,000 
467 

3.5 
to 4.5 

-43.5 
to –46.9 

E 
2.15 phi 

(0.23 mm) 
3.4% 1.04 

1,390,000 
406 

4.5 
to 5.5 

-49 
to –50 

F 
0.80 phi 

(0.57 mm) 
4.9% 1.20 

1,290,000 
282 

4.5 
to 5.5 

-47 
to -48 

Total - - - 21,200,000 
3,870 

- - 

 
7.04.1.2   Dredging Production 
 
Dredging production refers to the average volume transported per day and relates to 
factors such as plant, material, distance, and weather.  This information is used to 
estimate project cost and construction time.  Production rates are estimated to average 
31,000 CY/day for a 30-inch pipeline dredge for the initial construction and 14,000 
CY/day for hopper dredges for periodic nourishment.   
 
7.04.1.3   Dredging Window 
 
In determining the optimum borrow use plan, pipeline dredging window restrictions for 
initial construction were evaluated, with respect to nesting sea turtles, using a 16 
November to 30 April dredging window.  This plan considers that the initial construction 
will be performed in one season for the project.  A 4-year periodic nourishment cycle 
using hopper dredges is considered for the 50-year life of the project.  The hopper-
dredging window is from 1 December to 31 March in order to avoid turtles in the 
offshore environment.  A summary for the recommended construction plan follows with 
a brief discussion of start-stop times, number of contracts required, type and number of 
dredges required, and dredging presence in the project area during the life of the project.  
 
7.04.1.4   Recommended Construction Plan 
 
Initial construction would begin November 16 of year 0 for the project.  The initial 
construction would consist of pipeline dredging from Borrow Area A and proceed until 
completion before April 30 of the following year.  Periodic nourishment would begin in 
year 4 and consist of hopper dredging due to limited thickness of available material in the 
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borrow areas and long haul distances.  Periodic nourishment for the project would use a 
combination of offshore borrow areas.  Because the potential for sea turtle interactions 
using hopper dredges is higher during the warmer months, periodic nourishment cycles 
would adhere to the hopper-dredging window and begin December 1 for each cycle and 
proceed until completion before March 31 of the following year.  In summary, every 4 
years one hopper dredge would be expected to complete the renourishment within the 
designated hopper-dredging window.  The plan would require separate contracts for 
initial construction and for each periodic nourishment cycle.  
 
7.04.1.5   Borrow Sand Requirements 
 
The initial construction volume for the project is 3,223,000 CY.  The periodic 
renourishment will require 866,000 CY at 4-year intervals.  Over 50 years the total of the 
12 renourishment events is 10,392,000 CY.  With the initial construction volume, the 
total project requirement over the 50 year life is 13,615,000 CY.  These volumes are 
borrow quantities that have been adjusted for overfill factors. 
 
7.04.1.6   Borrow Area Utilization 
 
The recommended borrow area use plan for initial construction calls for the project to 
take material by pipeline dredge from borrow area A.  During periodic nourishment, the 
plan calls for the project to take material by hopper dredge from a combination of borrow 
areas B, D, E, and F and the remainder of A for 12 periodic nourishment cycles.  Table 
7.1 identified approximately 21.1 million CY available in the borrow areas.  The total 
project volume required is approximately 15 million CY.  Therefore, the total project 
volume results in a 70% utilization of available material from the borrow areas.  By not 
fully utilizing all of the borrow areas, there will be flexibility to refine the borrow use 
plan in future investigations as a contingency due to unforeseen pockets of non-
compatible sand.  Areas to be used for borrow will be further defined during the P&S 
phase of this project.  Additional borings and/or geophysical surveys will be performed to 
better delineate the borrow area boundaries and material types.  Vibracore borings will be 
performed in a grid pattern, on a 500 foot to 1000 foot spacing, in any area prior to its use 
as a borrow source. 
 
7.04.1.7  Borrow Area Contingency Plan 
 
Borrow area compatibility is determined based on grain size analyses from borings taken 
prior to construction, during both the feasibility study and P&S phase.  The borings 
conducted during the P&S phase will provide any additional data necessary to help 
further refine borrow area compatibility limits.  The final spacing of both sets of borings 
will range from 500 ft. to 1000 ft. apart.  The degree of spacing is dependent upon the 
level of confidence, based on a combination of boring characterizations and geophysical 
analyses, that the compatibility analysis is consistent between borings.  This additional 
characterization of the borrow material will increase the level of confidence for borrow 
material compatibility and decrease the degree of interpolation between boring locations. 
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 From this refined assessment, a more detailed borrow area utilization plan will be 
established.   
 
Though borrow area characterization and utilization will be refined during the plans and 
specifications stage, a degree of uncertainty and interpolation may still exist between 
boring locations during construction.  As the dredge excavates the borrow area during 
beach nourishment operations, there may be some instances where the material 
discharged onto the beach from the dredge pipeline may appear to be incompatible for 
beachfill.   Grain size characterization and distribution measurements of material sampled 
directly from the discharge pipe or from material placed a day earlier are biased and do 
not yield an accurate prediction of the final outcome of beach grain size distribution.  The 
dredge will have proceeded to new locations by the time the unbiased measurements of 
the stabilized beachfill material can be made.  Therefore, a precise correlation between 
dredging location within a borrow area and site-specific beachfill material coming out of 
the pipe cannot be made with any accuracy.  Considering the difficulties of assessing real 
time grain size distributions and compatibility, grain size analyses of the dredged 
material will not be conducted during construction of the project.   
 
Though the dredging and beach nourishment process does not lend itself to real time 
grain size distribution measurements, some quantitative and qualitative assessments of 
the operation can still be made.  Qualitative visual characterizations of the in-place 
material will be made by representatives of the U.S. Army Corps of Engineers (USACE) 
construction and environmental offices throughout the project construction.  
Furthermore, dredging production rates are specific to each dredge and its operation and 
can be quantified.  Once production rates are known for a given contract, a prediction can 
be made of the dredging time and volume of material between the instantaneous dredge 
location and the next known boring location of suitable material.  Thus, a qualitative and 
quantitative assessment can be made of whether this volume of potentially inconsistent 
material is significant relative to the overall project.  Results from these calculations will 
be used by appropriate USACE personnel to determine whether dredging should continue 
in the dredge’s present location.   
 
Federal and state environmental agencies will be notified if, and how much, potentially 
incompatible material is encountered.  If necessary, the Wilmington District will make 
the decision on a suitable contingency measure which may include moving the dredge to 
another site within the borrow area or to another borrow area and will notify the agencies 
of this contingency measure. 
 
7.05 Real Estate Considerations 
 
Real estate requirements for the Selected Plan include lands, easements, rights-of-way 
and relocations, and disposal/borrow areas, which are referred to as LERRD.  Real estate 
requirements in each of these categories are discussed and followed by a summary of 
estimated real estate costs.  There is no major improvement that will be impacted by the 
proposed project.  There is one pier located within the study area, Jolly Roger Pier, which 
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will not be acquired.  There will be no utility relocations.  There is no existing Federal 
project within the acquisition area.  
 
7.05.1 Borrow Areas   
 
Proposed borrow areas are located offshore.  Upon final selection of borrow areas to be 
used for the project, coordination and concurrence for the sand removal from the offshore 
borrow areas will be required from appropriate state and/or federal agencies. 
 
7.05.2 Pipeline 
 
Material for initial project construction and beach nourishment will be dredged by 
pipeline dredge and hopper dredge from the offshore borrow areas, then moved by 
pipeline to the beach.  The pipeline will be routed along the ocean shoreline, where it will 
be placed either below Mean High Water or within the acquired Perpetual Beach Storm 
Damage Reduction Easements.    
 
7.05.3 Construction Area  
 
The project limits, including both main fill and transitions, extend from the north end of 
reach 2 to the north end of reach 28, a total length of 26,200 feet.  The northern 2,000 feet 
is a transition section and is located within the town limits of Surf City.  The southern 
transition is 1,000 feet long and extends into reach 2.  The estate to be acquired for the 
project will be a Perpetual Beach Storm Damage Reduction Easement for approximately 
389 parcels.  Based on project maps and ground examination, no structures appear to be 
impacted.  There will be no relocation of landowners.  Improvements (other than the pier) 
within the project include walkover structures that allow beach access from private and 
public property.  The easement specifies that construction of walkover structures shall 
not violate the integrity of the constructed dune.  Approval of plans and specifications for 
construction of new walkover structures must be obtained from the Project Sponsor. 
 
7.05.4  Real Estate Costs 
 
Estimated real estate costs for the Selected Plan of Improvement are shown in Table 7.2.  
The land value for the Perpetual Beach Storm Damage Reduction Easements is $0.  As 
“off setting benefits” applies, a determination is made that the project will not reduce the 
value of the land.  Rather it will remain the same or increase after construction of the 
project. 
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Table 7.2  Real Estate Costs – Selected Plan, Code of Accounts 
CODE CATEGORY FEDERAL NON-FEDERAL TOTALS 
01A PROJECT PLANNING 
 Project Cooperation Agreement  $   $   $  
01AX Contingencies (25%)  $   $   $  
 Subtotal  $   $   $  
  
01B LANDS AND DAMAGES  
01B40 Acq/Review of PS  $     158,800   $   $        158,800  
01B20 Acquisition by PS  $   $         1,032,200   $     1,032,200  
01BX Contingencies (15%)  $       23,820   $            154,830   $        178,650  
 Subtotal  $     182,620   $         1,187,030   $     1,369,650  
  
01H AUDIT  
01H10 Real Estate Audit  $   $   $  
01HX Contingencies (15%)  $   $   $  
 Subtotal  $   $   $  
  
01R REAL ESTATE LAND PAYMENTS 
01R1B Land Payments by PS  $   $              29,000   $          29,000  
01R2B PL91-646 Relocation Pymt by PS  $   $                           -     $                       -    
01R2D Review of PS  $   $   $  
01RX Contingencies (15%)  $   $                4,350   $            4,350  
 Subtotal  $   $              33,350   $          33,350  
  
         TOTALS  $     182,620   $         1,220,380   $     1,403,000  
 
7.06 Operation and Maintenance Considerations 
 
Operation, maintenance, repair, replacement, and rehabilitation (OMRR&R) 
requirements will consist of project inspections and dune vegetation maintenance.  
Periodic renourishment is classified as continuing construction, not as OMRR&R.  Dune 
vegetation maintenance includes watering, fertilizing, and replacing dune plantings as 
needed.  Other maintenance is reshaping of any minor dune damage, repairs to walkover 
structures and vehicle accesses, and grading of any large escarpments.   Estimated 
OMRR&R annual costs are $21,000.     
 
7.07 Plan Accomplishments 
 
The Selected Plan will significantly reduce expected annual damages to structures and 
roads from storm and hurricane damages along the project reaches 3 though 26.  It also 
will significantly reduce damages due to long-term progressive erosion.   
 
The Selected Plan will reduce, but not entirely eliminate, damages due to short term 
erosion, inundation, and wave overwash during storms.  Although the Selected Plan will 
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substantially reduce damages due to hurricane-wave overwash, it should be noted that the 
plan provides for storm protection only in terms of protecting development from the 
action of ocean storm surge and wave action.  There are no provisions in the project to 
protect the area against storm-tide flooding occurring from increased water levels in the 
channel landward of Topsail Island.   
 
The Selected Plan will reduce emergency costs and other damages and will increase the 
width of beach available for recreation and for beach habitat, providing incidental 
benefits.  A summary of economic benefits for the Selected Plan is presented in section 
7.08.1, “Selected Plan - Benefits."  
 
7.08 Economics of the Selected Plan 
 
Many suitable plans were identified that have benefits that exceed costs.  The Selected 
Plan is the Locally Preferred Plan (LPP).  The NED plan has the greatest net benefits.  
Benefits and costs of the Selected Plan are presented in this section at October 2004 price 
levels.  The Water Resources Interest Rate for Fiscal Year 2005 of 5 3/8 percent is used 
to develop present values and annual values for benefits, costs, and net benefits.  For 
comparisons purposes similar data for the NED plan is also presented. 
 
7.08.1 Selected Plan - Benefits 
 
The total expected annual benefits for the Selected Plan are estimated at $12,668,000.  
An itemized listing of expected annual benefits is presented in Table 7.3.   
 
Table 7.3, Expected Annual Benefits 
Benefit Category Expected Annual Benefit 
 Selected Plan, LPP NED 
Hurricane and Storm Damage Reduction   
  Storm Erosion $5,638,100 $6,136,400 
  Flood* $(55,300) $(73,800) 
  Wave $68,900 $168,000 
  Land and Long Term Erosion $849,600 $850,000 
  Subtotal, rounded $6,501,000 $7,081,000 
   
Emergency Costs and Other Damage Reduction $       87,000 $       87,000 
Recreation $  5,500,000 $  5,500,000 
Sub Total Annualized Benefits $12,088,000 $12,668,000 
Benefits During Construction, negligible $  0 $  0 
TOTAL EXPECTED ANNUAL BENEFITS, 
 SELECTED PLAN OF IMPROVEMENT 

$12,088,000 $12,668,000 

*See Section 5.06.4 regarding flood benefits. 
 
7.08.2  Selected Plan - Costs 
 
Determination of the economic costs of the Selected Plan consists of four basic steps.  
First, project First Costs are computed.  First Costs include expenditures for project 
design and initial construction and related costs of supervision and administration.  First 
Costs also include the lands, easements, and rights of way for initial project construction 
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and periodic nourishment.  Total First Costs are estimated to be $22,218,000 at October 
2004 price levels as presented in Table 7.4.  The baseline cost estimate for construction 
in FY2011 is $24,193,000.  For comparison, the NED plan Total First Costs are 
estimated to be $29,264,000 at October 2004 price levels. 
 
Table 7.4  Project First Costs – Selected Plan, LPP (October 2004 price levels) 
ACCT. 
CODE 

ITEM 
 

QUANTITY UNIT UNIT 
PRICE 

AMOUNT CONTIN-
GENCY 

TOTAL 
COST 

01 LANDS AND DAMAGES 
 Acquisition  $1,191,000 $179,000 $1,370,000 
 Land Payments  $29,000 $4,000 $33,000 
 Subtotal    $1,403,000 
  

17 BEACH REPLENTISHMENT 
 Mobilization and 

Demobilization 
1 JOB LS $1,910,000 $191,000 $2,101,000 

 Dredging and 
Beach Fill 

3,223,000 CY $4.45 $14,342,000 $1,434,000  $15,776,000 

 Dune Vegetation 48 AC $8,000 $384,000 $38,000  $422,000 
 Beach Tilling 68 AC $600 $41,000 $4,000  $45,000 
 Public Walkovers 23 EA $35,765 $823,000 $82,000  $905,000 
 Subtotal       $19,249,000 
  

30 PLANNING, ENGINEERING, AND DESIGN $930,000 $186,000 $1,116,000 
  

31 CONSTRUCTION MANAGEMENT $375,000 $75,000 $450,000 
  
 TOTAL FIRST COST   $22,218,000 

 
Second, Interest During Construction is added to the project First Cost.  Interest During 
Construction is computed from the start of PED through the 1 year initial construction 
period.  Interest During Construction for the Selected Plan is estimated to be $205,000.  
The project First Cost plus Interest During Construction represents the Total Investment 
Cost required to place the project into operation.  Total Investment Cost for the Selected 
Plan is estimated to be $22,423,000 as shown in Table 7.5. 
 
Table 7.5  Total Investment Cost – Selected Plan, LPP 

ITEM AMOUNT 
Total First Cost $22,218,000 
Interest During Construction $205,000 
Total Investment Cost $22,423,000 
 
Third, Scheduled Renourishment Costs are computed.  These costs are incurred in the 
future for each renourishment.  At this point neither discounting to present value, nor 
escalation for anticipated inflation is included.  Renourishment Costs are estimated to be 
$6,411,000 as shown in Table 7.6. 
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Table 7.6  Project Renourishment Costs – Selected Plan, LPP 
ACCT. 
CODE 

ITEM 
 

QUANTITY UNIT UNIT 
PRICE 

AMOUNT CONTIN-
GENCY 

TOTAL 
COST 

17 BEACH RENOURISHMENT 
 Mobilization and 

Demobilization 
1 JOB LS $727,000 $73,000 $800,000 

 Dredging and 
Beach Fill 

866,000 CY $5.00 $4,330,000  $433,000  $4,763,000 

 Beach Tilling 30 AC $600 $18,000  $2,000  $20,000 
 Subtotal    $5,583,000 
  

30 PLANNING, ENGINEERING, AND DESIGN $520,000 $78,000 $598,000 
  

31 CONSTRUCTION MANAGEMENT $200,000 $30,000 $230,000 
  
 TOTAL RENOURISHMENT COST $6,411,000 

 
Fourth, Expected Annual Costs are computed.  These costs consist of interest and 
amortization of the Total Investment Cost, and the equivalent annual cost of project 
operation, maintenance, and renourishment.  The Expected Annual Costs provide a basis 
for comparing project costs to expected annual benefits.  Expected Annual Costs for the 
Selected Plan are estimated to be $3,027,000.  A summary of the computations involved 
in each of these three steps is presented in Table 7.7.  By comparison the Expected 
Annual Costs for the NED plan are $3,440,000.  
 
Table 7.7   Project Annual Costs – Selected Plan, LPP, Plan 1250X 

ITEM YEAR AMOUNT PRESENT 
VALUE, 2010 

Total Investment Cost 2010 $29,423,000 $22,423,000 
Renourishment 2014 $6,411,000 $5,200,000 
Renourishment 2018 $6,411,000 $4,217,000 
Renourishment 2022 $6,411,000 $3,420,000 
Renourishment 2026 $6,411,000 $2,774,000 
Renourishment 2030 $6,411,000 $2,250,000 
Renourishment 2034 $6,411,000 $1,825,000 
Renourishment 2038 $6,411,000 $1,480,000 
Renourishment 2042 $6,411,000 $1,200,000 
Renourishment 2046 $6,411,000 $974,000 
Renourishment 2050 $6,411,000 $790,000 
Renourishment 2054 $6,411,000 $640,000 
Renourishment 2058 $6,411,000 $519,000 
Total Investment Cost, Present Value  $47,712,000 
Annual Costs 
Interest & Amortization, 50 years at 5 3/8 % $2,766,000 
Monitoring $240,000 
OMRR&R $21,000 
Total Annual Cost  $3,027,000 
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7.08.3  Benefit to Cost Ratio 
 
With expected annual benefits of $12,088,000 and average annual costs of $3,027,000 
the benefit to cost ratio for the Selected Plan, Plan 1250X, is 3.99 to 1.  The annual net 
benefits are $9,061,000.  By comparison, for the NED plan, Plan 1550, the benefit to cost 
ratio is 3.68 to 1 and the annual net benefits are $9,228,000. 
 
7.08.4  Section 902 Analysis 
 
The Section 902 analysis of the Selected plan covers changes in scope, changes in cost, 
and an incremental analysis of the change. 
 
7.08.4.1  Change in Scope 
 
HD 393/102/2 contains descriptions of the Old 1990 NED Plan and the Authorized Plan. 
 The terminal groin was not part of the Authorized Plan. Changes in the scope of the 
project from the Authorized Plan to the GRR Selected Plan, Plan 1250X, and to the GRR 
NED Plan, Plan 1550 are shown in Table 7.8.  For comparison purposes volumes shown 
in Table 7.8 for both plans are estimated in-place volumes of fill on the beach.  Volumes 
shown elsewhere in the GRR volumes are estimated borrow volumes including losses.     
 
Table 7.8  Plan Comparison Table 

Plan Dimensions 
Authorized 

HD 393/102/2 
GRR,  LPP, 
Plan 1250X 

GRR,  NED, 
Plan 1550 

Dune, topwidth 25 feet 25 feet 25 feet 
Dune, elevation, NGVD 13.6 feet 12 feet 15 feet 
Dune, landward slope 5H:1V 5H:1V 5H:1V 
Dune, seaward slope 5H:1V 10H:1V 10H:1V 
Dune and storm berm, width 35 feet None None 
Dune and storm berm, 
elevation, NGVD 

9.6 feet None None 

Dune and storm berm, 
seaward slope 

5H:1V None None 

Beach berm, width 40 feet 50 feet 50 feet 
Beach berm, elevation, NGVD 7.6 feet 7 feet 7 feet 
Beach berm, seaward slope 12H:1V 15H:1V 15H:1V 
Dune and berm fill, length 10,250 feet 23,200 feet 22,800 feet 
North transition section, length 7,150 feet 2,000 feet 2,000 feet 
South transition section, length 1,800 feet 1,000 feet 1,400 feet 
Total Length 19,200 feet 26,200 feet 26,200 feet 
Volume, initial, in-place *4,566,000 CY 2,387,000 CY 3,420,000 CY 
Volume, renourishment, in place 644,000 CY 690,000 CY 690,000 CY 
Renourishment interval 2 years 4 years 4 years 
Borrow source Banks Channel Off shore Off shore 
*including 644,000 CY advance nourishment 
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The two most significant changes in scope are the increased lengths, first the length of 
the dune and berm fill, and second the total project length.  The Authorized Plan and the 
GRR LPP, Plan 1250X are compared schematically in Figure 7.3.   

 
Figure 7.3  Authorized Plan (HD 393/102/2) and GRR Plan, Plan view 
 
The other changes in the scope are in widths and heights of the components, shown in 
Figure 7.4.  These changes in cross section are not as significant as the length increases.  
The overall cross section of the Selected Plan, Plan 1250X is lower and slightly smaller 
than the cross section of the authorized plan. 
 

 
Figure 7.4  Authorized Plan (HD 393/102/2) and GRR LPP Plan 1250X, Cross section 
view 
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7.08.4.2  Change in Costs 
 
Total First Cost of the GRR Selected Plan (Plan 1250X) is $22,218,000.  As reported in 
Section 1.10, the maximum cost of initial construction limited by Section 902 is 
$22,824,000.  The initial cost of the GRR Selected Plan does not exceed the Section 902 
limit.  (If the GRR NED Plan (Plan 1550) had been the selected plan, the initial cost 
would have exceeded the Section 902 limit.)  For some beach projects Section 902 
applies to both initial construction and to continued renourishment.  No administrative 
limit on renourishment was established for this project.  As shown in Table 7.8 the 
renourishment volumes are very similar per event.  However because the Authorized Plan 
would be renourished every 2 years, the overall renourishment costs of the GRR Selected 
Plan with a renourishment cycle of 4 years would be less than renourishment costs of the 
Authorized Plan.   
 
7.08.4.3  Incremental Analysis 
 
The incremental analysis of project scope is an evaluation of the incremental costs and 
benefits of the one-step increase in project length.  The GRR Selected Plan can be 
separated into two segments; the original authorized length and the incremental increase 
in length.  Most cost estimate line items can be prorated based on length, volume, or 
time.  Mobilization and demobilization costs are incurred entirely in the cost of the first 
segment, no mobilization and demobilization cost is incurred in the second segment.  
Benefits were also separated into the two segments.  Most reaches were entirely within or 
entirely outside of the Authorized Plan reaches and the benefits were assigned to the 
appropriate reach.  Through the Authorized Plan transition zone, benefits were prorated 
between the two segments.  Table 7.9 presents the results of the incremental analysis of 
the two segments.   Both with and without consideration of recreation benefits, the 
incremental benefits exceed the incremental costs.  The incremental benefit to cost ratio 
is 4.12 to 1 for HSDR benefits only and 7.98 to 1 for all benefits, including incidental 
recreation benefits. 
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Table 7.9   Incremental Analysis, in thousands. 

Segments Item 
GRR Selected Authorized  Incremental 

Total First Cost $22,218 $17,002  $5,216 
Interest During Construction $205 $157  $48 
Total Investment Cost, Initial 
Construction 

$22,423 $17,159  $5,264 

  
Renourishment, every 4 years $6,411 $5,005  $1,406 
Present Value $47,712 $36,902 $10,810
  
Annual Costs  
  Interest and Amortization $2,766 $2,140  $626 
  Monitoring $240 $240  $0 
  OMRR&R $21 $15  $6 
  Total $3,027 $2,395  $632 
   
HSDR Benefits  $6,501  $3,900   $2,601 
Net Benefits (HSDR only)  $3,474  $1,505   $1,969 
BCR (HSDR only) 2.15 1.63 4.12
  
HSDR Benefits  $6,501  $3,900   $2,601 
Recreation and Other Benefits  $5,587  $3,143   $2,444 
Total Benefits (all)   $12,088  $7,043   $5,045 
Net Benefits (all)  $9,061  $4,648   $4,413 
BCR (all) 3.99 2.94 7.98
 
 
7.09 Evaluation of Risk and Uncertainty 
 
GRANDUC’s lifecycle approach to plan formulation explicitly incorporates risk and 
uncertainty into the formulation process.  Three significant variables in GRANDUC are 
currently programmed to incorporate uncertainty, namely: 
 

1) erosion distance – plus or minus 5.0 feet 
2) structure distance – plus or minus 2.0 feet 
3) structure elevation – plus or minus 0.1 feet 

 
Given the probabilistic nature of the analysis, the dune-and-berm alternatives were 
evaluated to determine the percent chance that the given alternative would have positive 
net benefits, or conversely, the risk of having negative net benefits.  Based on analysis of 
1,000 lifecycles, the selected plan (12-ft dune elevation with 50-ft berm and modified 
southern transition) has a 99.3 percent chance of having positive net benefits (i.e., less 
than a 2 percent risk of negative net benefits in any given year).   
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8.  ENVIRONMENTAL EFFECTS 
 
This section describes the probable consequences (impacts and effects) of the selected 
alternative on significant environmental resources within the project area.  Natural 
communities that would be affected by the proposed action include the beach and dune 
and nearshore ocean as described below.  Wetlands and floodplains, inlets, flats, sounds 
and Maritime shrub habitat would not be affected.   
 
8.01  Marine Environment 
 
8.01.1  Wetlands and Floodplains 
 
The six proposed borrow areas for this project are located between 3-5.5 miles offshore; 
therefore, dredging operations will not adversely impact wetlands and floodplains of 
Topsail Beach.  The selected 1250X beach nourishment plan consists of a 26,200-foot 
long dune and berm system.  The plan has a main fill length of 23,200 feet, from 
approximately 400 feet southwest of Godwin Avenue, in reach 3, to the Topsail Beach 
town limit in reach 26 (See Section 7.01.1).  A 2,000-foot northern transition and a 1,000 
southern transition will extend beyond the limits of the main fill.  The transition areas 
will consist of a tapered berm only resulting in a starting transition berm width of 155 
feet that uniformly tapers to zero (See Section 7.01.2).  Therefore, nourishment operations 
will also not adversely impact wetlands and floodplains.          
 
8.01.2  Inlet, Flats, and Sounds 
 
The six proposed borrow areas for this project are located between 3-5.5 miles offshore 
and will not adversely impact the inlet, flats, and sound of Topsail Beach.  Considering 
that no sediment will be removed from the inlet complex for beach nourishment, impacts 
to inlet dynamics will not occur.  In order to achieve the initial construction template 
consisting of a 12 ft. dune and a 50 ft. berm, approximately 3.223 million cubic yards of 
sediment will be placed on the beach.  In order to maintain the project template, four-year 
renourishment intervals of approximately 866,000 cubic yards of sediment will be placed 
on the beach.  Total volume of material required to construct and maintain the 50-year 
project is approximately 13,615,000 CY.  Though large quantities of sediment will be 
added to Topsail Beach to construct and maintain this project, the total volume of 
sediment added to the littoral system will not be significantly more than pre-project 
conditions.  Therefore, the placement of additional sediment to the beach would not 
significantly impact sand flat and shoal development within New Topsail inlet.  This 
additional material would only accentuate the natural dynamics of the sand sharing 
system that currently exists.  Therefore, nourishment operations will not adversely impact 
the inlet, flats, and sounds.          
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8.01.3  Surf zone fishes 
 
The surf zone is a dynamic environment of which the community structure of organisms 
that inhabit it (ex. surf zone fishes and invertebrates) is not well understood.  
Representative organisms of both finfish and the invertebrate inhabitants of which they 
consume exhibit similar recruitment time periods.  In North Carolina, the majority of 
invertebrate species recruit between May and September (Hackney et al., 1996; Diaz, 
1980; Reilly and Bellis, 1978) and surf zone fish species from March through September 
(Hackney et al., 1996).  The anticipated construction timeframe for this project is from 15 
November to 30 April and would avoid a majority of the peak recruitment and abundance 
time period of surf zone fishes and their benthic invertebrate prey source.     
 
The surf zone represents habitat areas of particular concern (HAPC) for some species, 
including adult bluefish and red drum, which feed extensively in this portion of the 
ocean.  The surf zone is suggested to be an important migratory area for larval/juvenile 
fish moving in and out of inlets and estuarine nurseries (Hackney et al., 1996).  Disposal 
operations along the beach can result in increased turbidity and mortality of intertidal 
macrofauna, which serves as food sources for these and other species.  Therefore, feeding 
activities of these species may be interrupted in the immediate area of beach sand 
placement.  These mobile species are expected to temporarily relocate to other areas as 
the project proceeds along the beach.  However, some species like Florida pompano and 
Gulf kingfish exhibit strong site fidelity during the middle portion (summer) of nursery 
area (Ross and Lancaster, 2002) and may not avoid secondary impacts (turbidity) from 
disposal.  Considering that this project will avoid impacts to the surf zone during the 
summer months, it is expected that this project will not impact this period of strong site 
fidelity.  Though a short-term reduction in prey availability may occur in the immediate 
disposal area, only a small area is impacted at any given time, and once complete, 
organisms can recruit into the nourished area.  This recovery will begin immediately 
following disposal activity if the material is similar to the native beach (See Benthic 
Resources – Beach and Surf Zone Section 8.01.6).   
 
According to Ross (1996) some surf zone fishes exhibit prey switching in relation to prey 
availability.  Therefore, during periods of low prey availability, as a result of short-term 
impacts to the benthic invertebrate population during beach disposal activities, surf zone 
fishes may temporarily utilize alternative food sources.  Considering the dynamic nature 
of the surf zone, this opportunistic behavior of avoidance and prey switching may enable 
some surf zone fishes to adapt to disturbances like beach nourishment.  A combination of 
short-term prey switching and temporary relocation capabilities may help mitigate short-
term prey reductions during beach disposal operations.  Once the placement operation 
has passed, physical conditions in the impact zone quickly recover and biological 
recovery soon follows.  Surf-feeding fish can then resume their normal activities in these 
areas.  This is supported in Ross and Lancaster’s (2002) study in which Florida pompano 
and Gulf kingfish appeared to remain as long near a recently nourished beach as a beach 
that was not recently nourished.   
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Disposal and subsequent turbidity increases may have short-term impacts on surf zone 
fishes and prey availability.  However, the opportunistic behavior of these organisms 
within the dynamic surf zone environment enables them to adapt to short-term 
disturbances.  Considering the adaptive ability of representative organisms in this area 
and the avoidance of peak recruitment and abundance timeframes with a 15 November to 
30 April construction timeframe, these impacts are considered temporary and minor. 
 
8.01.4  Larval Entrainment 
 
For many marine fishes, spawning grounds are believed to occur on the continental shelf 
with immigration to estuaries during the juvenile stage through active or passive 
transport.  According to Hettler and Hare (1998), research suggests two bottlenecks that 
occur for offshore-spawning fishes with estuarine juveniles:  the transport of larvae into 
the nearshore zone and the transport of larvae into the estuary from the nearshore zone.  
During this immigration period from offshore to inshore environments, the highest 
concentration of larvae generally occurs within the inlets as the larvae approach the 
second bottleneck into the estuary.  Once through the inlet, the shelter provided by the 
marsh and creek systems within the sound serve as nursery habitat where young fish 
undergo rapid growth before returning to the offshore environment.  
 
These free floating planktonic larvae lack efficient swimming abilities and are therefore, 
susceptible to entrainment by an operating hydraulic or hopper dredge.   
Susceptibility to this effect is largely dependent on proximity to the cutter-head or drag-
head and the pumping rate of the dredge.  Those larvae present near the channel bottom 
would be closer to the dredge area and would, therefore, be subject to higher risk of 
entrainment.  Assessment of the significance of this entrainment is difficult.  Assuming 
the very small volumes of water pumped by dredges relative to the total amount of water 
in the vicinity, a small proportion of organisms are presumed to be impacted.  Potential 
reasons for low levels of impact include the extremely large numbers of larvae produced 
by most estuarine-dependent species and the extremely high natural mortality rate for 
early life stages of many fish species.  Since natural larval mortalities may approach 99 
percent (Dew and Hecht, 1994; Cushing, 1988), entrainment by a hydraulic dredge 
should not pose a significant additional risk in most circumstances.   
 
Assessment of potential entrainment impacts of the proposed action may be viewed in a 
more site-specific context by comparing the pumping rate of a dredge with the amount of 
water present in the water body affected.  (For the purposes of this assessment, 
assumptions will be made that inlet bottlenecks would have the highest concentrations of 
larvae as they are transported into the estuarine environment form the nearshore zone.  
Larval impacts from dredging to this concentrated system would be greater than dredging 
in offshore borrow areas.) The largest hydraulic dredge likely to work in the offshore 
borrow areas would have a discharge pipe about 30 inches in diameter and would be 
capable of transporting about 30,600 m3 of sand per day if operated 24 hours (due to 
breakdown, weather, etc., dredges generally do not work 24 hours per day, 7 days per 
week).  The dredged sediment would be pumped as slurry containing about 15% sand and 
about 85% water by volume.  The volume of water discharged would, thus, be about 
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173,000 m3 per day, or about 2.0 m3 per second.  In contrast, the calculated spring tide 
flow through Beaufort inlet (a representative North Carolina inlet) is approximately 
142,000,000 m3 * 2 = 284,000,000 m3 (i.e. two tides a day) of water and 264,000,000 m3 

during neap tide.  Thus, the dredge would entrain only 0.0006 to 0.0007 percent of the 
daily volume flux through the inlet.  The percentage of the daily flux of larvae entrained 
during a spring and neap tide is very low regardless of larval concentration and the 
distribution of larvae within the channel.  Under the worst-case scenario with the highest 
concentrations of larvae possible based on spatial and temporal distribution patterns, the 
maximum percentage entrained barely exceeds 0.1 % per day (see Attachment 1 of 
Appendix I for a more detailed analysis).  Though any larvae entrained (914 to 1.8 
million depending on the initial concentration within the tidal prism) will likely be killed, 
the impact at the population level would be insignificant.         
 
8.01.5  Nekton 
 
Any entrainment of adult fish, and other motile animals in the vicinity of the borrow area 
during dredging is expected to be minor because of their ability to avoid the disturbed 
areas.  Fish species are expected to leave the area temporarily during the dredging 
operations and return when dredging ceases (Pullen and Naqvi, 1983).  Larvae and early 
juvenile stages of many species pose a greater concern than adults because their powers 
of mobility are either absent or poorly developed, leaving them subject to transport by 
tides and currents.  This physical limitation makes them potentially more susceptible to 
entrainment by an operating hydraulic or hopper dredge (See Larval Entrainment, Section 
8.01.4).  Organisms close to the dredge cutterhead or draghead may be captured by the 
effects of its suction and may be entrained in the flow of dredged sediment and water.  As 
a worst-case, it may be assumed that entrained animals experience 100 percent mortality, 
although some small number may survive.  Susceptibility to this effect depends upon 
avoidance reactions of the organism, the efficiency of its swimming ability, its proximity 
to the cutterhead, the pumping rate of the dredge, and possibly other factors.  Behavioral 
characteristics of different species in response to factors such as salinity, current, and 
diurnal phase (daylight versus darkness) are also believed to affect their concentrations in 
particular locations or strata of the water column.  Any organisms present near the ocean 
bottom would be closer to the dredge cutterhead or draghead and, therefore, subject to 
higher risk of entrainment.  
 
The biological effect of hydraulic entrainment has been a subject of concern for more 
than a decade, and numerous studies have been conducted nationwide to assess its impact 
on early life stages of marine resources, including larval oysters (Carriker et al., 1986), 
post-larval brown shrimp (Van Dolah et al., 1994), striped bass eggs and larvae (Burton 
et al., 1992), juvenile salmonid fishes (Buell, 1992), and Dungeness crabs (Armstrong et 
al., 1982).  These studies indicate that the primary organisms subject to entrainment by 
hydraulic dredges are bottom-oriented fishes and shellfishes.  The significance of 
entrainment impact depends upon the species present; the number of organisms 
entrained; the relationship of the number entrained to local, regional, and total population 
numbers; and the natural mortality rate for the various life stages of a species.  
Assessment of the significance of entrainment is difficult, but most studies indicate that 
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the significance of impact is low.  Impacts of dredging activities on marine mammals and 
sea turtles are addressed in the biological assessment (Appendix I).  A dredge operating 
in the open ocean would pump such a small amount of water in proportion to the 
surrounding water volume that any entrainment impacts of dredging of borrow material 
for the this project are expected to be insignificant.  
 
8.01.6  Benthic Resources – Beach and Surf Zone 
 
Beach nourishment may have negative impacts on intertidal macrofauna through direct 
burial, increased turbidity in the surf zone, or changes in the sand grain size or beach 
profile.  Literature dating back to the early 1970’s along the southeast coast indicate that 
opportunistic infauna species (ex. Emerita and Donax) found in the nourished areas are 
subject to direct mortality from burial, however, recovery often occurs within 1 year 
(Hayden and Dolan, 1974; Saloman, 1984; Van Dolah et al., 1992; Van Dolah et al., 
1993; Jutte, P.C.  et al., 1999) especially if compatible material is placed on the beach 
(Hayden and Dolan, 1974; Reilly and Bellis, 1978; Saloman, 1984; Nelson, 1989; Van 
Dolah et al., 1992; Van Dolah et al., 1993; Hackney et al., 1996; Jutte, P.C. et al., 1999; 
Peterson et al., 2000).   In North Carolina, post-nourishment studies have documented 
similar reductions in abundance of coquina clams (Donax spp.), mole crabs (Emerita 
talpoida), and amphipods (Haustoriid spp.) immediately following disposal with 
recovery times persisting between 1 and 3 seasons after project construction depending 
on sediment compatibility (Reilly and Bellis 1983;, Peterson et al., 2000; and Coastal 
Science Associates Inc., 2002).   
 
Temporary impacts on intertidal macrofauna in the immediate vicinity of the beach 
nourishment project are expected as a result of discharges of nourishment material on the 
beach.  Any reduction in the numbers and/or biomass of intertidal macrofauna present 
immediately after beach nourishment may have localized limiting effects on surf-feeding 
fishes and shorebirds due to a reduced food supply.  In such instances, these animals may 
be temporarily displaced to other locations.  
 
Reilly and Bellis (1978) stated, "Beach nourishment virtually destroys existing intertidal 
macrofauna; however, recovery is rapid once the pumping operation ceases.  In most 
cases, recovery should occur within one or two seasons following the project 
completion."  Similar findings were reached by Van Dolah (1992) in a study of the 
impacts of a beach nourishment project in South Carolina.  A study by Dolan et al. 
(1992) of the effects of beach fill activities on mole crabs at the Pea Island National 
Wildlife Refuge, Dare County, North Carolina, indicates that while nourishment has a 
dramatic impact on mole crabs in the area where beachfill is placed, mole crabs returned 
to the beach areas that were nourished soon after pumping stopped.   
 
While beach nourishment may produce negative effects on intertidal macrofauna, these 
are localized in the vicinity of the nourishment operation.  Beach nourishment conducted 
as a component of the proposed action would be expected to move along the beach at a 
relatively slow rate (i.e., about a mile per month or about 200 feet per day).  This rate of 
progress is slow enough that surf-feeding fishes and shorebirds may move to other areas 
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that are not affected by the nourishment operation.  As the dredging operation passes by a 
given section of beach, that area is soon available for recolonization by invertebrates.   
 
In a 1999 Environmental Report on the use of Federal offshore sand resources for beach 
and coastal restoration, US Department of Interior, Minerals Management Service 
provided the following assessment of potential impacts to beach fauna from beach 
nourishment. 
 

Because benthic organisms living in beach habitats are adapted to living in 
high energy environments, they are able to quickly recover to original 
levels following beach nourishment events; sometimes in as little as three 
months (Van Dolah et al. 1994; Levisen and Van Dolah, 1996). This is 
again attributed to the fact that intertidal organisms are living in high 
energy habitats where disturbances are more common.  Because of a 
lower diversity of species compared to other intertidal and shallow subtidal 
habitats (Hackney et al. 1996), the vast majority of beach habitats are re-
colonized by the same species that existed before nourishment (Van 
Dolah et al. 1992; Nelson 1985; Levisen and Van Dolah, 1996; Hackney et 
al. 1996). 

 
While the proposed beach nourishment will adversely impact intertidal macrofauna, these 
effects will be localized, short-term, and reversible.    
 
Project construction is expected to run from about 16 November 2010 through 30 April 
2011 and will occur during the overwintering period of intertidal organisms on the beach. 
Beach nourishment will be completed prior to the onshore recruitment of most intertidal 
organisms.  In North Carolina, the majority of invertebrate species recruit between May 
and September (Hackney et al., 1996; Diaz, 1980; Reilly and Bellis, 1978).  Any loss of 
intertidal organisms would be temporary, as re-population would be expected to begin as 
soon as the nourishment operation ends. Intertidal organisms are expected to recover 
upon completion of project construction from recolonization of the beach by organisms 
from adjacent areas and offshore. 
 
8.01.7  Benthic Resources – Nearshore Ocean 
 
Monitoring studies of post construction borrow areas in the southeast indicate that 
borrow areas can fill in and return to near pre-dredging conditions when there is adequate 
transport of sediment under the influence of strong currents in the area (Bowen, P.R. & 
G.A. Marsh, 1988).  The selected borrow areas for this project are located in waters with 
depths between 40 and 50 feet and the anticipated maximum depth of dredging is 
approximately 10 ft.  Currents in the area are expected to contribute to some filling of the 
borrow area with material from sloughing of undisturbed areas adjacent to the 
construction sites; however, it is expected that the bathymetric feature of the post-
dredging borrow area will persist.   
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Dredging in the selected borrow areas should not have an adverse impact on any 
hardbottoms in the area.  Based on magnetometer and side-scan sonar survey of the 
selected borrow areas, there was no indication of any hardbottoms within the areas 
surveyed (Hall, 2004).   
 
Impacts to estuarine-dependent organisms are not expected to be significant since 
construction-related activities in the offshore borrow areas and on beaches proposed for 
nourishment would be localized.  A study of nearshore borrow areas after dredging 
offshore of South Carolina revealed no long-term impacts to fishery and planktonic 
organisms, as a result of the dredging (Van Dolah et al., 1992).   
 
Impacts associated with dredging methods may differ depending on type of dredge and 
associated equipment used.  Dredging impacts on benthic invertebrates would be similar, 
since the sediment surface where the organisms are found would be removed with an 
associated loss of all inhabitants under all scenarios.  A hopper dredge takes a shallower 
and wider cut that may impact a larger surface area during a given event.  Since a hopper 
dredge drag head operates at or above the bottom surface and pipeline cutterhead would 
be operated below the sediment surface the ability of benthic fish to avoid the dredge 
may be different.  Hopper dredges also include associated risks of collision with marine 
mammals (See Appendix I).  Methods that use pipelines to transport dredged material 
may have temporary impacts to any benthic organism covered by the pipeline.  The 
environmental differences are considered insignificant.  
 
Borrow areas A, B, C, D, E, and F are located beyond the –30 foot NGVD contour to 
approximately 5.5 miles offshore of Topsail Beach.  Areas A, B, D, E, and F will be 
dredged for sediment at some point throughout the life of the project (Figures A-1 and A-
2, Appendix A).  Relative to all of the borrow areas, borrow area C is the greatest 
distance from the project area and is the least cost effective.  Therefore, borrow area C 
will be reserved for contingency purposes.  The offshore borrow areas beyond three 
nautical miles offshore will be subject to federal mining requirements of the Minerals 
Management Service (MMS).  Excavation will directly impact an area of about 4,210 
acres (6.58 square miles) when completely utilized (year 50).  Initial construction will 
impact a total area of about 2,297 acres (3.59 square miles) of sandy ocean bottom in 
borrow area A using a pipeline dredge (Table 7.1) from 15 November to 30 April.  
Periodic re-nourishment will occur every four years using a hopper dredge and will 
utilize a combination of offshore borrow areas (A, B, C, D, E, and F).  The proposed 
window for hopper dredging is 1 December to 31 March.  Multiple dredging areas within 
a given borrow area may be used to reduce material transport and/or allow for concurrent 
operation of more than one dredge in a given area.  Existing depths at the proposed 
borrow areas range from about 40’ to 50’.  The depth of cut will vary depending on the 
availability of suitable sandy material and dredge plant capabilities.  The average 
proposed cut for initial construction in borrow area A, using a pipeline dredge, is 6’ to 
10’.  Optimum thickness of material necessary for efficient use of a pipeline dredge is 
only found in borrow area A; thus, maximum cuts of 10’ will occur using a pipeline 
dredge and all other hopper dredge work will remove shallower cuts.  Some refilling 
from sedimentation and side sloughing is expected over time.  It is expected, however, 
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that the depression created by the removal of sand will persist.  Considering the existing 
depths (40’ to 50’) of the borrow areas and an anticipated maximum dredge cut of 10’, 
post project borrow area depressions will not exceed about 50’ to 60’.     
 
Benthic organisms within the defined borrow areas dredged for construction and periodic 
nourishment will be lost.  However, re-colonization by opportunistic species is expected 
to begin soon after the dredging activity stops.  Rapid recovery is expected from re-
colonization from the migration of benthic organisms from adjacent areas and by larval 
transport.  Monitoring studies of post dredging effects and recovery rates of borrow areas 
indicates that most borrow areas usually show significant recovery by benthic organisms 
approximately 1 to 2 years after dredging (Naqvi and Pullen, 1982, Bowen, et al. 1988, 
Johnson and Nelson, 1985, Saloman et al., 1982, and, Van Dolah et al., 1984, and Van 
Dolah et al. 1992).  According to Posey and Alphin (2000), benthic fauna associated with 
sediment removal from borrow areas off of Carolina Beach recovered quickly with 
greater inter-annual variability than differences from the effects of direct sediment 
removal.  However, some changes in species composition and population may occur 
(Johnson and Nelson, 1985, Van Dolah et al., 1984).  Differences in community structure 
may occur that may last 2-3 years after initial density and diversity levels recover (Wilber 
and Stern, 1992).  Specifically, large, deeper-burrowing infauna can require as much as 3 
years to reach pre-disturbance abundance.   
 
Considering that all proposed offshore borrow areas (A, B, C, D, E, and F) are located 
beyond the –30 ft. contour and the proposed depth of closure for this project is 23 ft, it is 
anticipated that no significant infilling of the borrow areas will occur.  Though the 
borrow areas are beyond the depth of closure and are outside of the normal littoral 
transport of sediment, some infilling of sediments will still occur at less significant rates. 
 The infilling rate, the quality, and the type of the material would be factors in the 
recovery of the area dredged.  Data collected by Saloman (1974) indicated that low 
densities and diversities of benthic fauna within the borrow area compared to control 
sites can be attributed to thick deposits of gelatinous, organic-rich sediments that lead to 
low dissolved oxygen concentrations.  The Minerals Management Service (1999) 
indicates that the bottom substrate at and near a borrow area may be modified in several 
ways.  A change in bottom contour may be evident throughout the project life and post-
construction populations may differ from pre-construction conditions.  A change in the 
hydrologic regime as a consequence of altered bathymetry may result in the deposition or 
scour of fine sediments, which may result in a layer of sediment that differs from the 
existing substrate.  Also, once material in the borrow areas is dredged, it is possible that 
different post-dredging underlying sediment types will be exposed and will be different 
from pre-dredging sediment types.  Some infilling from sedimentation and sloughing of 
bottom substrate from surrounding areas is expected.  
 
In a 1999 Environmental Report on the use of Federal offshore sand resources for beach 
and coastal restoration, the US Department of Interior Minerals Management Service 
provided the following assessment of potential turbidity impacts.   
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The impacts from turbidity on benthic organisms during dredging 
operations were reviewed in detail by Pequegnat et al. (1978) and Stern 
and Stickle (1978). Both studies concluded that impacts to the benthic 
populations of the marine ecosystem from turbidity are local and 
temporary but not permanent. Similarly, recent studies show that benthic 
impacts may be limited to the immediate vicinity of dredging operations 
(e.g., Hitchcock et al. 1998; MMS 1996).  

 
8.01.8  Essential Fish Habitat 
 
The Fishery Management Plan Amendments of the South Atlantic Fishery Management 
Council identify over 30 categories of Essential Fish Habitat (EFH) and Habitat Areas of 
Particular Concern (HAPC), which are listed in Tables 8.1.  While all of these habitat 
categories occur in waters of the southeastern United States, only a few occur in the 
immediate project vicinity and/or the project impact zone.  Those absent include estuarine 
scrub/shrub mangroves which require a more tropical environment and several areas that 
are geographically removed from the project area including: Hoyt Hills located in the Blake 
Plateau area in water 450-600 meters deep, the Point located off Cape Hatteras near the 
200-meter contour, and sandy shoals off Cape Hatteras and Cape Fear.  In addition, there 
are no Council-designated Artificial Reef Special Management Zones, Estuarine Emergent 
Wetlands, Palustrine Emergent & Forested Wetlands, Intertidal Flats, Oyster Reefs & Shell 
Banks, Aquatic Beds, Wetlands, Creeks, Seagrass Beds, or Submerged Aquatic Vegetation 
in the potential project impact area.  Impacts on habitat categories potentially present in the 
project vicinity are discussed in the following subsections. 
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Table 8.1.  Categories of Essential Fish Habitat and Habitat Areas of Particular Concern in the Project Vicinity and Potential Impacts. 
 
ESSENTIAL FISH HABITAT Potential Presence Potential Impacts 
   In / Near  Project Dredge Sediment 
   Project  Impact Plant Disposal 
 Estuarine Areas  Vicinity   Area Operation  Activities 
        
  Estuarine Emergent Wetlands no  no no no 
  Estuarine Scrub / Shrub Mangroves no  no no no 
  Submerged Aquatic Vegetation (SAV) no  no no no 
  Oyster Reefs & Shell Banks no  no no no 
  Intertidal Flats no  no no no 
  Palustrine Emergent & Forested Wetlands no  no no no 
  Aquatic Beds no  no no no 
  Estuarine Water Column yes  no no insignificant 
  Seagrass no  no no no 
  Creeks no  no no no 
  Mud Bottom no  no no no 
        
 Marine Areas              
        
  Live / Hard Bottoms nearshore ocean  no insignificant insignificant 
  Coral & Coral Reefs offshore  no no no 
  Artificial / Manmade Reefs 2 miles offshore  no no no 
  Sargassum offshore  no no no 
  Water Column yes  yes insignificant insignificant 
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Table 8.1.  (Continued)  Categories of Essential Fish Habitat and Habitat Areas of Particular Concern in the Project Vicinity and 
Potential Impacts. 
       
GEOGRAPHICALLY DEFINED HABITAT AREAS OF PARTICULAR CONCERN    
       
 Area - Wide             
       
  Council-designated Artificial Reef Special Management Zones no no no no 
  Hermatypic (reef-forming) Coral Habitat & Reefs offshore no no no 
  Hard Bottoms nearshore ocean no insignificant insignificant 
  Hoyt Hills no no no no 
  Sargassum Habitat offshore no insignificant no 
  State-designated Areas of Importance of Managed Species (PNAs) yes no no insignificant 
  Submerged Aquatic Vegetation (SAV) no no no no 
       
 North Carolina             
       
  Big Rock distant offshore no no no 
  Bogue Sound no no no no 
  Pamlico Sound at Hatteras / Ocracoke Islands no no no no 
  Cape Fear sandy shoals no no no no 
  Cape Hatteras sandy shoals no no no no 
  Cape Lookout sandy shoals no no no no 
  New River no no no no 
  The Ten Fathom Ledge distant offshore no no no 
  The Point distant offshore no no no 
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8.01.8.1  Impacts on the Estuarine Water Column 
 
All 6 proposed borrow areas are located approximately  1 to 5.5 miles offshore beyond 
the –30 ft. NGVD contour; thus, dredging operations will not directly impact the 
estuarine water column.  However, the selected 1250X beach nourishment plan consists 
of a 26,200-foot long dune and berm system.  The plan has a main fill length of 23,200 
feet, from approximately 400 feet southwest of Godwin Avenue, in reach 3, to the 
Topsail Beach town limit in reach 26 (See Section 7.01.1).  A 2,000-foot northern 
transition and a 1,000 southern transition will extend beyond the limits of the main fill.  
The transition areas will consist of a tapered berm only resulting in a starting transition 
berm width of 155 feet that uniformly tapers to zero (See Section 7.01.2).  Potential 
turbidity from the beach nourishment operation may extend into the New Topsail Inlet 
vicinity and the estuarine water column from longshore currents and tidal influx.  Though 
elevated turbidity levels may occur during the nourishment operation, it is expected that 
they will be short-term, depending on the location of the outflow pipe and the movement 
of longshore and tidal currents, and will be no more significant than turbidity from a 
natural storm event.  Therefore, turbidity impacts to the estuarine water column are 
insignificant.    
 
8.01.8.2  Impacts on Hardbottoms 
 
During both the dredging (hopper dredge and cutterhead pipeline dredge) and placement 
process, identified live hardbottom communities will be avoided (offshore pipeline routes 
will be developed to avoid live hardbottom); thus, no direct impacts will occur.  
However, the long-term and short-term limits of cross-shore sediment transport are 
important in engineering and environmental considerations of beach profile response.  
Significant quantities of sand-sized sediments can be transported and deposited seaward 
as a result of short-term erosional events.  Over time, the evolving profile advances 
seaward into deeper water until it approaches equilibrium; however, sediment particles 
may be in motion at greater depths than those at which profile readjustment occurs.  The 
seaward limit of effective profile fluctuation over long-term time scales is referred to the 
“closure depth”.  Based on calculations derived from the USACE Coastal Engineering 
Manual (2002), the calculated depth of closure for this study is 23 ft.   
 
Though construction activities will not directly impact nearshore hardbottom through 
crushing or burial, it is possible that secondary impacts through sedimentation and/or 
chronic turbidity may occur beyond the equilibrium depth and settle on nearshore 
hardbottom.  A study by Thieler et. al. (1999) traced sediment dispersal on nourished 
beaches in Wrightsville Beach, NC and Folly Beach, SC.  Data from both sites 
demonstrate significant quantities of nourishment sediment are being transported seaward 
onto the inner shelf as a result of severe storms and enhanced bottom stresses.  
Sedimentation accumulation from over 30 years of beach nourishment on Wrightsville 
Beach appears to have exceeded shoreface accommodation space resulting in deposition 
onto the inner shelf.  This seaward thinning wedge of sediment extends over a kilometer 
onto the inner shelf to depths of nearly 46 ft (14 m).  Roughly 2 million m3  of 
nourishment sediment has dispersed to the lower shoreface and inner shelf seaward of the 
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assumed 28 ft (8.5 m) depth of closure used for project design.  About 950,000 m3 of this 
material is within the inner shelf (Thieler et al., 1999).   
 
Though, according to Thieler et al. (1999) it is possible that sedimentation may occur 
beyond the 23 ft. depth of closure for Topsail Beach, the available information of 
nearshore hardbottom off the coast of Topsail Beach indicate that these hardbottom areas 
of influence are low lying and ephemeral (Moser and Taylor, 1995; Cleary, 2002; 
Greenhorne & O’Mara, 2004) and sedimentation would not impact high relief significant 
live hardbottom.  To accurately assess potential impacts to hardbottom resources, a 
nearshore hardbottom survey, utilizing  side-scan sonar and multi-beam sonar, will be 
completed prior to finalization of the EIS.  The survey methodology and analysis of 
impacts will be discussed in detail in the final EIS.    According to Lybolt and Tate 
(2003), most nearshore low vertical relief hardbottoms are ephemeral, and short-term 
buried hardbottom is not necessarily dead.  Data from a study in Florida indicate that in 
some surveyed transects, portions of hardbottom were covered for at least 2-days and 
exposed one week later with macroalgae and coral colonies still present.  Nevertheless, 
on Topsail Beach the potential for sedimentation of nearshore, low lying, and ephemeral 
hardbottom still exists.  These communities have the potential to be gradually buried by 
the movement of sand during equilibrium profile translation.  Though not anticipated, if 
sedimentation occurs beyond the 23 ft depth of closure, it is possible that more stable 
epibenthic hardbottom communities located offshore may shift towards less diverse more 
stressed ephemeral hardbottom communities.  However, high value live hardbottom of 
significant relief is not expected to be subject to burial at depths beyond 23 ft.  Therefore, 
though the potential for sedimentation exists, its effects on low lying ephemeral 
hardbottom communities are not expected to be significant and high relief hardbottom 
should be outside the zone of influence.      
 
During dredging operations, offshore hardbottom can be impacted by turbidity and 
sediment plumes generated from filling and overflow of the hopper dredge depending on 
the characteristics and suspension time of the sediment being dredged.  Dredging in five 
(B, C, D, E, and F) of the six borrow areas is expected to be solely performed by hopper 
dredge.  Hopper dredge suction arms hydraulically remove sediment from the sand flat 
and discharge the material into the storage hoppers on the dredge.  During filling, fine 
sediments (primarily silt, clays, and fine-sands) are washed overboard to maximize the 
load of course sand for transport to the beach.  This washing and overflow process is the 
source of turbidity plumes and sedimentation generated by the hopper dredge.  The 
distance that sediment plumes may extend is dependent upon the type of dredge, how it is 
operated, currents, and the nature of the sediments within the borrow area.  Elevated 
sediment levels from hopper dredge operations have been recorded at about 1,100 feet 
from the borrow area (Blair et al. 1990).  Furthermore, according to Neff (1981 and 
1985), concentrations of 1000 ppm immediately after discharge decreased to 10 ppm 
within one hour.  The minimal impact of settling particles from hopper dredge turbidity 
plumes was further supported by a study from Poopetch (1982), which found that the 
initial hopper dredge overflow concentrations of 3,500 mg/l were reduced to 500 mg/l 
within 50 m.   
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According to Hall (2004), side scan sonar was used to define hardbottom locations 
throughout all six proposed borrow areas (A, B, C, D, E, and F).  A review of these 
acoustic records indicate that there was no evidence of any hard bottom within the 
borrow area boundaries.  In areas of moderate acoustic return, grab samples were 
performed to ground truth the acoustic records.  Grab samples of areas of harder return 
confirmed that these areas were course sand associated with sand waves of 6” to 1’ in 
height.  Of all the proposed borrow area sites, only areas D and F are within the vicinity 
of identified offshore hardbottom.  However, the nearest point of both D and F is still 
about 2,000 ft away from the identified hardbottom and is, thus, beyond the zone of 
elevated sediment levels according to Blair et al. (1990).     
 
Though elevated turbidity levels may occur from hopper dredging overflow, the overflow 
process only occurs during dredging.  Considering that maximum load efficiency will be 
attained before transit to the nearshore pumpout location, overflow of material will not 
occur once the dredging process is complete.  Therefore, though the hopper dredge will 
transit over hardbottom locations in route to the beach, no significant turbidity or 
sedimentation will occur during this process.  Once at the pumpout location, all turbid 
water generated by the hopper dredge slurry for pumpout will be retained in the hopper.   
   
 
Considering that: (1) hopper dredge turbidity and sedimentation plumes will be confined 
to the offshore borrow areas during the dredging operation, (2) based on side scan sonar, 
no hardbottom was identified in these borrow areas, and (3) only 2 of the six borrow 
areas are within the vicinity of offshore hardbottom and the nearest point to the borrow 
area is about 2,000 ft., the effects of turbidity and sedimentation plumes on offshore 
hardbottom will be insignificant. 
 
8.01.8.3  Impacts on Reef-forming Corals 
 
Hermatypic, or reef-forming, corals consist of anemone-like polyps occurring in colonies 
united by calcium encrustations.  Reef-forming corals are characterized by the presence 
of symbiotic, unicellular algae called zooxanthellae, which impart a greenish or brown 
color.  Since these corals derive a very large percentage of their energy from these algae, 
they require strong sunlight and are, therefore, generally found in depths of less than 150 
feet.  They require warm water temperatures (68º to 82º F) and generally occur between 
30ºN and 30ºS latitudes.  Off the east coast of the United States, this northern limit 
roughly coincides with northern Florida; however, they may occur off the North Carolina 
coast.  The identified borrow areas for this project have been surveyed using side scan 
sonar and no significant hardbottom communities were identified.  Furthermore, 
according to Cleary (2003), hardbottom communities offshore of Topsail Beach are low 
lying and ephemeral (See Section 2.01.10 Hardbottoms).  Therefore, suitable habitat is 
not known within the immediate project vicinity, and they should not be affected by the 
proposed action. 
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8.01.8.4  Impacts to Artificial / Manmade Reefs 
 
The State of North Carolina, Department of Environment and Natural Resources, Division 
of Marine Fisheries Artificial Reef Program (NCARP) manages 6 reefs that are located off 
Topsail Beach.  They are AR 355, AR 360, AR 362, AR 364, AR 366, and AR 368.  Of 
these managed reefs, AR360 “Topsail Reef” is within about two-miles of the nearest 
proposed offshore borrow area and about two-miles from the shore and is located at 34º 
20.983N and 077º 36.183W (Table 2.3).  Though artificial reefs are within the proposed 
project area, dredging and placement of material on Topsail Beach will not be done in 
close proximity to any of these artificial reefs, so no adverse impacts would occur.  
Turbidity plumes may be produced by dredging and by placement of the dredged material 
on Topsail Beach in the nearshore area as fine sediments are washed away by littoral 
processes.  If such plumes are still detectable as far offshore as the NCARP reefs, their 
effects should be minor, temporary, and should quickly dissipate. The proposed action will 
not significantly impact any NCARP reefs. 
 
8.01.8.5  Impacts on Sargassum 
 
Sargassum is pelagic brown algae, which occurs in large floating mats on the continental 
shelf, in the Sargasso Sea, and in the Gulf Stream.  Most pelagic Sargassum circulates 
between 20º N and 40º N latitudes and 30º W longitude and the western edge of the 
Florida Current / Gulf Stream and forms a dynamic structural habitat with a diverse 
assemblage of marine organisms including fungi, micro-and macro-epiphytes, at least 
145 species of invertebrates, 100 species of fishes, four species of sea turtle, and 
numerous marine birds.  It is a major source of productivity in a nutrient-poor part of the 
ocean.  Unregulated commercial harvest of Sargassum for fertilizer and livestock feed 
has prompted concerns over the potential loss of this important resource.  Sargassum is 
positively buoyant and, depending on the prevailing surface currents, will remain on the 
continental shelf for extended periods or be cast ashore.  Though Sargassum species may 
drift through the vicinity of the dredge plant operation, it typically occurs much further 
offshore; thus, impacts will be insignificant.  In any case, since it occurs in the upper few 
feet of the water column, it is not subject to impacts from dredging or sediment disposal 
activities associated with the proposed action (South Atlantic Fishery Management 
Council, 1998.) 
  
8.01.8.6  Impacts on the Marine Water Column 
 
The potential water quality impacts of dredging and beachfill placement are addressed in 
Section 8.07.2.  Dredging and beachfill placement conducted during project construction 
and periodic nourishment may create impacts in the marine water column in the 
immediate vicinity of the activity potentially affecting the surf zone and nearshore ocean. 
 These impacts may include minor and short-term suspended sediment plumes and related 
turbidity, as well as the release of soluble trace constituents from the sediment.  In the case 
of overflowing hopper dredges or scows to obtain economic loading, sediment which is 
more than 90 percent sand is not likely to produce significant turbidity or other water 
quality impacts (USACE, 1997).  Overall water quality impacts of the proposed action are 
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expected to be short-term and minor.  Living marine and estuarine resources dependent 
upon good water quality are not expected to experience significant adverse impacts due to 
water quality changes.   
 
Scientific data are very limited with regard to the effects of beach nourishment on fishery 
resources.  These effects may be similar, on a smaller scale, to the effects of storms; 
storm effects may include increased turbidity and sediment load in the water column and 
in some cases, changes in fish community structure (Hackney et al., 1996).  Storms of 
great severity, such as hurricanes, have been documented to create conditions resulting in 
fish kills, but such situations are not usually associated with beach nourishment.   
 
In a 1999 Environmental Report on the use of Federal offshore sand resources for beach 
and coastal restoration, the US Department of Interior Minerals Management Service 
provided the following assessment.   
  

In order to assess if turbidity causes an impact to the ecosystem, it is 
essential that the predicted turbidity levels be evaluated in light of 
conditions such as during storms. Storms on the Mid-Atlantic shelf may 
generate suspended matter concentrations of several hundred mg/l (e.g., 
Styles and Glenn 1999). Concentrations in plumes decrease rapidly during 
dispersion. Neff (1981, 1985) reported that solids concentrations of 1000 
ppm two minutes after discharge decreased to 10 ppm within one hour. 
Poopetch (1982) showed that the initial concentration in the hopper 
overflow of 3,500 mg/l decreased rapidly to 500 mg/l within 50 m. For this 
reason, the impact of the settling particles from the turbidity plume are 
expected to be minimal beyond the immediate zone of dredging. 

 
Beach nourishment can affect fishery resources and EFH through increases in turbidity 
and sedimentation that, in turn, may create localized stressful habitat conditions, and may 
result in temporary displacement of fish and other biota.  However, the sediment 
proposed for beach placement on Topsail Beach would average 90 percent or more sand 
(See Appendix C, Geotechnical Analysis).  Because of the low silt/clay content, water 
column impacts are expected to be localized, short-term, and minor.  Furthermore, the 
beach nourishment operation is expected to proceed at a slow rate.  Mobile biota, 
including juvenile and adult fish, should be able to relocate outside the more stressful 
conditions of the immediate nourishment operation.  Cumulative effects of multiple 
simultaneous beach nourishment operations could be potentially harmful to fishes of the 
surf zone.  The high quality of the sediment selected for beach fill and the small amount 
of beach affected at any point in time would not suggest that this activity poses a 
significant threat.   
 
8.01.8.7  Impacts on State-designated Areas Important for Managed Species 
 
Primary Nursery Areas (PNA’s) are designated by the NC Marine Fisheries Commission 
and are defined by the State of North Carolina as tidal saltwaters which provide essential 
habitat for the early development of commercially important fish and shellfish 
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(http://www.ncfisheries.net/rules.htm; 15 NC Administrative Code 3B .1405).  Many fish 
species undergo initial post-larval development in these areas.  Primary nursery Areas will 
not be directly impacted by this project.  However, PNA’s located adjacent to the New 
Topsail Inlet vicinity may experience indirect and short-term elevated turbidity levels from 
the nourishment operation on the shoreface.  These turbidity effects are dependent on the 
location of the outflow pipe and the direction of longshore and tidal currents.  Considering 
these elevated turbidity levels will be short-term and within the range of elevated turbidity 
from natural storm events, the impacts to state-designated PNA’s are insignificant.  
 
8.01.8.8  Impacts to Big Rock and Ten Fathom Ledge 
 
Big Rock and the Ten Fathom Ledge are located south of Cape Lookout, North Carolina.  
Ten Fathom Ledge is located at 95-120 m (312-394 feet) depth on the Continental Shelf in 
Onslow Bay, North Carolina and consists of 136 square miles of ocean floor containing 
patch reefs and rock outcroppings.  Big Rock is located approximately 36 miles south of 
Cape Lookout at about 50-100 meters (164-328 feet) of water.  Hard substrate consists of 
algal limestone and calcareous sandstone.  Both of these sites are located offshore of the 
proposed borrow areas and would not be impacted by the project (South Atlantic Fishery 
Management Council, 1998).   
 
8.01.8.9  Impacts to The Point 
 
The Point is located near Cape Hatteras near the 200-meter (656 feet) contour and is a 
confluence zone of six major water masses including the Gulf Stream, Western Boundary 
Under Current (WBUC), Mid-Atlantic Shelf Water (MASW), Slope Sea Water (SSW), 
Carolina Capes Water (CCW), and the Virginia Coastal water.  A result of the convergence 
of these currents is a dynamic and highly productive environment.  This area is located well 
offshore of the proposed project and would not be affected (South Atlantic Fishery 
Management Council, 1998).  
 
8.01.8.10  Impact Summary for Essential Fish Habitat 
 
The proposed action is not expected to cause any significant adverse impacts to Essential 
Fish Habitat of EFH species.  Impacts are expected to be minor on an individual and 
cumulative effects basis.   
 
8.02  Terrestrial Environment 
 
8.02.1  Maritime Shrub Thicket 
 
The maritime shrub thicket community is located sporadically throughout Topsail Beach, 
occurring on the backside of the island, west of the highway, and is interspersed with 
marsh areas, which border the sound.  Since this community is located landward of the 
proposed project construction limits, no significant impacts are expected.   
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8.02.2  Beach and Dune 
 
Under the proposed plan, approximately 26,200 feet of beach berm and dune (including 
transition areas) would be constructed.  Constructed dunes will tie into existing dunes 
where practical and be re-vegetated with native dune grasses to minimize impacts.  This 
will result in a seaward movement of the shoreline.  
 
Project construction and periodic nourishment is not expected to have an adverse impact 
on wildlife found along the beach or that utilizes the dune areas.  However, short-term 
transient impacts may occur to mammalian species using the dune and fore-dune habitat, 
but these species are mobile and would be expected to move to other, undisturbed areas 
of habitat during construction and periodic nourishment events.  Re-vegetation of dune 
areas would be expected to increase the amount and quality of habitat available to 
mammal and avian species dependent on those areas. 
 
Project construction will result in disturbance and removal of some of the existing 
vegetation along the seaward side of the existing dune.  However, construction would be 
followed by measures designed to stabilize the constructed dunes.  Dune stabilization 
would be accomplished by the vegetative planting of the dune during the optimum 
planting seasons and following the berm and dune construction.  Planting stocks shall 
consist of sea oats (Uniola paniculata), American beachgrass (Ammophila breviligulata), 
panic grass (Panicum amarum), and seaside little bluestem (Littoralis variety).  The 
vegetative cover shall extend from the landward toe of the dune to the seaward 
intersection with the storm berm for the length of the dune.  Sea oats will be the 
predominant plant with American beach grass and panic grass as a supplemental plant.  
Seaside little bluestem will be planted on the backside of the dune away from the most 
extreme environment.  Planting would be accomplished during the season best suited for 
the particular plant.  Periodic nourishment of the project would involve placing material 
along the berm.  Therefore, minimal impacts to dune vegetation should occur. 
 
It is expected that the nourishment operation on Topsail Beach may directly impact ghost 
crabs through burial (USACE, 2004; Lindquist and Manning, 2001; Peterson et. al., 
2000; Reilly and Bellis, 1983).  Considering that ghost crabs are vulnerable to changes in 
sand compaction, it is possible that short-term impacts may occur from changes in 
sediment compaction and grain size.  According to Hackney et al. (1996), management 
strategies are recommended to enhance recovery after beach nourishment are: (1) timing 
activities so that they occur prior to recruitment and, (2) providing beach sediment that 
favors prey species and burrow construction.  This project will avoid the recruitment 
timeframe by nourishing between 15 November and 30 April.  Furthermore, considering 
that, based on the boring samples and subsequent grain size analyses (See Appendix C, 
Geotechnical Analysis), only compatible borrow material will be used; impacts to the 
prey species should be short-term.  Compaction measurements will be performed post-
construction and, if deemed necessary, compact portions of the beach will be tilled (post-
construction tilling is a mitigation measure proposed for sea turtles; however, secondary 
benefits may occur for ghost crabs); thus, impacts to burrow construction should be 
minor.          
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Ghost crabs are present on the project beach year-round (Hackney et al., 1996); therefore, 
direct impacts from burial may occur during the proposed construction timeframe.  
However, the peak larval recruitment timeframe will be avoided and, considering that 
only compatible borrow material will be used, it is expected that ghost crab populations 
will recover within one-year post-construction (USACE, 2004; Lindquist and Manning, 
2001; Peterson et. al., 2000; Reilly and Bellis, 1983).  Considering that ghost crabs 
recover from short-term impacts and that recommended management strategies to avoid 
long-term impacts are adhered to, it is expected that no significant long-term impacts to 
the ghost crab population will occur.   
 
8.02.3  Birds 
 
The waters off of Topsail Island and Onslow Beach are very important to migrating and 
wintering northern gannets, loons and grebes because of the abundant hard bottom 
habitat.  It has been suggested that migrating and wintering birds key on the hardbottom 
areas (Sue Cameron, pers. comm.) because such habitat supports significant prey species 
for these birds.  However, dredging activities will not be conducted in hardbottom areas 
that have been identified, so disturbance of birds using those areas is expected to be 
minimal.  Nonetheless, distribution patterns of sea ducks or other birds using the offshore 
environment within the project vicinity could be affected during dredging operations for 
construction and periodic nourishment.  Congregation or rafting of sea ducks in these 
areas is primarily for loafing (Bob Nofsinger, pers. com.).  Due to the depth in these areas 
(greater than 30’), they are not expected to provide a benthic food source for sea ducks.  
It is expected that since the area of ocean disturbed is small when compared to available 
loafing or foraging areas, any impacts would be minor. 
 
Migratory shorebirds may use the project area for foraging and roosting habitat.  As 
mentioned in Section 8.01.6 of this report, beach nourishment activities may temporarily 
impact the intertidal macrofauana community, a component of shorebird foraging habitat; 
however, recovery often occurs within 1 year if nourishment material is compatible with 
native sediments.  Though these temporary impacts may occur to the shorebird prey base, 
adjacent un-impacted foraging habitat would be available while foraging habitat in the 
immediate disposal areas approach pre-project population levels.  Considering that:  1.) 
areas of diminished prey base are temporary and isolated, 2.) recovery occurs within 1 
year if material is compatible, and 3.) adjacent un-impacted foraging habitat is available 
throughout the project; foraging habitat will not be significantly impacted by the 
proposed action.  A recent 2-year study in Brunswick County, NC documents in detail 
shorebird use there (USACE, 2003).  This report indicated that beach nourishment had no 
measurable impact to bird use. 
 
Though it is possible that shorebird nesting may occur within the project area during the 
spring and summer months (1 April – 31 August), most of these bird species have been 
displaced by development pressures and heavy recreational use along the beach; thus, 
traditional nesting areas on the project beach have been lost.  Many of these bird species 
have retreated to the relatively undisturbed dredged material disposal islands, which 
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border the navigation channels in the area.  Nonetheless, it is possible that shorebird 
species may still attempt to nest in the project area (Sue Cameron, pers. comm.).  To 
protect bird nesting, the North Carolina Wildlife Resources Commission (NCWRC) 
discourages beach work between 1 April and 31 August.       
 
Though initial nourishment activities will extend into the 1 April bird nesting timeframe, 
to the maximum extent practicable the Corps will work with the NCWRC to plan 
construction around designated nesting areas.  Under normal conditions, no construction 
should occur after 1 May, which is the established sea turtle nesting window.  Based on 
the following considerations, the proposed construction activities will not significantly 
impact breeding and nesting shorebirds or colonial waterbirds within the project area:  1.) 
 timing of the initial construction activities should only extend into the first month of the 
nesting timeframe, 2.)  for the period of time when construction will extend into the 
nesting timeframe, the Corps will coordinate with the NCWRC to plan construction 
activities around potential nesting areas, and 3.)  beach nourishment and construction 
activities would avoid the designated Piping Plover Critical Habitat at the south end of 
Topsail Island.  This area is most likely to support potential nesting shorebirds.   
 
8.03  Physical Resources 
 
8.03.1 Wave Conditions  
 
Localized deepening of offshore borrow areas is the only potential source of impacts on 
wave conditions, however, these changes are not expected to be significant.  The borrow 
area use plan identifies six detached, relatively small borrow areas scattered across an 8 
or 9 mile swath in water depths of 40 to 50 feet, which should have less impact on wave 
conditions than dredging of a large, contiguous area.  Initial construction will involve the 
deepest dredging, with an average cut of about 6 feet over roughly one-quarter of borrow 
area A.  Renourishment will utilize (1) the remainder of borrow area A (with about 3 to 4 
feet of average deepening) and (2) the other five, much smaller borrow areas that will 
involve only about 2 to 3 feet of deepening, which should result in negligible changes in 
wave conditions along the project shoreline.      
 
8.03.2  Shoreline and Sand Transport 
 
Existing water depths in the borrow areas range from 40 to 50 feet, which is substantially 
deeper than the estimated active profile depth of 23 feet.  Therefore no impacts to the 
active profile are expected due to borrow area dredging.  
 
Planform evaluation indicates that without project erosion rates of 0 to 3 feet per year 
will increase to 4 to 17 feet per year with a beachfill project in place, with rates 
increasing toward the ends of the project.  Renourishment will take place every 4 years to 
replenish these losses, unless project monitoring indicates that renourishment can be 
reasonably delayed.  Net movement of this material will be predominantly to the north 
based on transport analysis, with northerly sediment transport being roughly twice that of 
southerly transport on average.      
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8.0.3.3  Geology and Sediments 
 
8.03.3.1  Borrow Area Dredging 
 
About 6.5 square miles of sandy ocean bottom will be affected over the 50-year 
economic life of the project.   Within the borrow areas (Figures A-1 and A-2, in 
Appendix A) existing water depths (greater than –30-foot NGVD) will be deepened, and 
recolonization of affected areas is expected within 1-3 years.  Dredging in the selected 
borrow areas should not have an adverse impact on any hardbottoms in the area.  Based 
on magnetometer and side-scan sonar survey of the selected borrow areas, there was no 
indication of any hardbottoms within the areas surveyed.  See sections 8.0.1.7 and 
8.0.1.8.2 for more information regarding borrow area dredging impacts and impacts to 
hardbottoms.    
 
8.03.3.2  Beachfill Construction 
 
Both pipeline and hopper dredging methods will be used during the construction phase.  
Pipeline dredging will be used in initial construction and hopper dredging will be used in 
later renourishment.  Pipeline routes will extend from the seaward borrow areas to the 
beach and then follow the shoreline.  Negative impacts during the construction phase will 
be minor and temporary.  Potential impacts associated with this type of operation include: 
 
 1) Increased turbidity in the surf zone, and 
 2) Sedimentation of nearshore and offshore hardbottoms. 
 
Impacts should be insignificant considering turbidity and sedimentation plumes will be 
confined to the offshore borrow areas during hopper dredging operations and 
hardbottoms were only identified within the vicinity of 2 of the 6 offshore borrow areas.  
See Section 8.01.8.2 for more information. 
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During nourishment operations, there will be an increase in the turbidity in the surf zone 
in the immediate area of sand deposition.  Deposition and subsequent turbidity increases 
may have short-term impacts on surf zone fishes and prey availability.  The anticipated 
construction timeframe for the project is from November 15 to April 30 and avoids the 
peak recruitment and abundance timeframe of the surf zone fishes.  Considering the 
construction timeframe and the adaptive availability of representative organisms, the 
impacts should be temporary and minor.  See Section 8.01.3 for more information. 
 
8.03.3.3  Sediment Compatibility 
 
The compatibility analysis compared the grain size of the “native beach” or the 
“reference beach” with the material in the proposed borrow areas.  The overfill ratio is 
the primary indicator of the compatibility of the borrow material to the beach material, 
with a value of 1.00 indicating that one cubic yard of borrow material is needed to match 
one cubic yard of beach material.  An overfill ratio of up to 1.5 is generally considered 
acceptable as a match of compatibility.  As shown in Table 7.1, the overfill ratios for all 
of the potential borrow areas were below 1.5 indicating they are compatible for the 
Topsail Beach project.  Table 7.1 also illustrates, the average silt content (#200 sieve) 
was less than 10% for all borrow areas.  See Appendix E, Sand Compatibility Analysis, 
for additional information.  
 
8.04  Socioeconomic Resources 
 
8.04.1  Commercial and Recreational Fisheries 
 
The economic impacts of the NED plan or other nourishment plans during construction 
are not expected to be significant.  Impacts on shore fishing would be limited to the area 
where material is being placed on the beach.  This localized temporary impact can easily 
be avoided by anglers in the area.  Nearshore fishing boats can operate around the 
dredging equipment operating in the area.  The beach nourishment plan is not expected to 
impact inside fishing or the operation of commercial fishing boats operating inside or 
going through New Topsail Inlet. Unless there is extreme weather, the ocean going 
dredge will operate continuously. Therefore, the economic impact of commercial and 
recreational fishing is not expected to change with the project construction. 
 
8.05 Recreation and Esthetic Resources  
 
Implementation of the proposed action may cause temporary reduction of esthetic appeal 
and interference with recreational activities in the areas of project construction.  However, 
since project construction will be conducted in relatively small areas at any particular point 
in time, recreational and esthetic impacts will be localized.  Also, construction and 
maintenance would be done between November 15 and 30 April, thereby avoiding the 
peak summer tourist season.  Upon completion of work activities in any area, esthetic 
values and recreational opportunities will be restored or enhanced as construction 
equipment is moved away. 
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The ocean and navigable waters in the vicinity of Topsail Beach will be affected to only a 
minor extent in that dredges, barges, and other watercraft associated with the work would 
be on-site for several months during construction and during renourishment events.  
However, this is judged to be an insignificant effect. 
 
Placement of beachfill will result in temporary use of dredge pipeline, bulldozers, and other 
equipment on the beach, and these objects will detract from the normal appearance of the 
beach.  Also, recreational activities on beaches may experience some interruption or 
interference during work periods, but the degenerated, eroded conditions of the beaches 
already present recreational constraints.  After work is completed on any beach and the 
heavy equipment is removed, the resulting wider beach is expected to represent an esthetic 
enhancement and an improvement for recreation. 
 
One ocean pier, the Jolly Roger Pier is within the construction area.  The placement of 
beach fill under this pier may temporarily reduce the area available for fishing.  Beach 
nourishment during the fishing season may also impact the recreational catch.  During 
past projects at Wrightsville Beach and Carolina Beach, no special provisions were made 
during placement of beach-fill around the piers and no major objections were raised 
during the process.  However, for Atlantic Beach, during the pumpout of Brandt Island, 
the beach-fill was wider than usual, thus raising concerns from fishing interests.  The 
Topsail Beach project is similar to the Wrightsville and Carolina Beach projects.  In the 
vicinity of the pier, immediately following construction, the shoreline may extend out 
approximately 300 feet from its present position.  However, natural forces will reshape 
the beach area and within a few months, beach fill material will be more evenly 
distributed throughout the nearshore zone.  Following this redistribution of material it is 
expected that the new beach profile will extend out approximately 150 feet beyond its 
current position, thus having minimal impact on the 854-foot long pier.  Any turbidity 
that may occur during placement will be dissipated during several tidal cycles and should 
have no significant long-term impact on fishing from either the pier or the surf zone.   
These impacts are not expected to significantly reduce public use at the pier. 
 
Overall, esthetic and recreational impacts of the proposed action represent minor 
improvements. 
 
8.06  Cultural Resources 
 
Whereas the Topsail Beach vicinity is know to have had an active historical maritime 
trade, the Wilmington District, in consultation with the North Carolina Division of 
Archives and History, undertook contracted remote sensing survey designed to meet the 
intent of the National Historic Preservation Act and the Abandoned Shipwreck Act.  
During summer and fall of 2004, Mid-Atlantic Technology and Environmental Research, 
Inc conducted a magnetometer and side-scan sonar survey of the eight proposed borrow 
areas.  The results of that survey are reported in Archaeological Remote Sensing Survey 
of Topsail and West Onslow Beaches Offshore Borrow Areas (Contract DACW54-03-D-
0002, Order 0003, Wes Hall, Principal Investigator, December 2004).  Data was collected 
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along parallel lines spaced at 65-foot (20-meter) intervals.  Magnetic data, along with 
corresponding positioning data, was recorded at one-second sample intervals (or 
approximately every 8 feet along a track line at 5 knots).   
 
No single, isolated magnetic anomalies or acoustic targets were identified during the 
survey of the eight borrow areas and no further cultural resources studies are anticipated 
for the project.  By letter of November 2, 2004, the North Carolina State Historic 
Preservation Officer concurred with the reported findings.  
  
No prehistoric sites were specifically considered in the survey.  While there has been 
some success developing upland-offshore site location correlates in Florida and perhaps 
elsewhere, the methodology is not very well developed for sites within the Carolinas 
region, nor are there a significant number of upland locations that could be used to model 
settlement in now inundated areas.  Monitoring may be a way to determine if such sites 
were encountered during dredging, but the use of heavy equipment throughout the 
renourishment process might make precise relocation of sites very difficult. The District 
will discuss the option of monitoring with archaeologists from the UAB.  In their reviews 
of the project, the UAB has not mentioned prehistoric sites or impacts to other types of 
sites; shipwrecks have been the major concern.  The SHPO letter accepting the final 
report of investigations is dated March 1, 2005 and should be included in the EIS 
 
8.07  Water Resources 
 
8.07.1  Hydrology 
 
Marine waters of the project area display considerable daily variation in current and salinity 
conditions due to fresh water inflow, tides, and wind.  Within the ocean environment, any 
project-induced changes in the vicinity of the proposed work would be very small (if any) 
in comparison and are, therefore, considered to be insignificant. 
 
8.07.2  Water Quality 
 
Dredging in the selected borrow areas would involve mechanical disturbance of the 
bottom substrate and subsequent redeposition of suspended sediment and turbidity 
generated during dredging.  Factors that are known to influence sediment spread and 
turbidities are grain size, water currents and depths.  Monitoring studies done on the 
impacts of offshore dredging indicate that sediments suspended during offshore are 
generally localized and rapidly dissipate when dredging ceases (Naqvi and Pullen, 1983; 
Bowen and Marsh, 1988, and Van Dolah et al., 1992).  Some infilling of the borrow area 
after dredging is expected from side sloughing of native bottom sediments which consist 
of predominately sandy material with a small amount of fine or organic material. 
 
During construction, there will be elevated turbidity and suspended solids in the 
immediate area of sand deposition when compared to the existing non-storm conditions 
of the surf zone.  Significant increases in turbidity are not expected to occur outside the 
immediate construction/maintenance area (turbidity increases of 25 nephelometric 
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turbidity units ((NTUs)) or less are not considered significant).  Turbid waters (increased 
turbidity relative to background levels but not necessarily above 25 NTU's) will hug the 
shore and be transported with waves either northeast or southwest depending on wind 
conditions.  Due to the low percentage of silt and clay in the borrow areas (<10 percent), 
turbidity impacts are not expected to be greater than the natural increase in turbidity and 
suspended material which occurs during storm events.  Any increases in turbidity in the 
borrow areas during project construction and maintenance are expected to be temporary 
and limited to the area surrounding the dredging.  Turbidity levels are expected to return 
to background levels in the surf zone upon cessation of dredging. 
 
Overall water quality impacts of the proposed action are expected to be short-term and 
minor.  Living marine resources dependent upon good water quality should not experience 
significant adverse impacts due to water quality changes. 
 
 A Section 401 Water Quality Certificate under the Clean Water Act of 1977 (PL 95-
217), as amended, is required for the proposed project and is being requested from the 
North Carolina Division of Water Quality.   
 
Pursuant to Section 404 of the Clean Water Act, the impacts associated with the 
discharge of fill material into waters of the United States are discussed in the Section 
404(b)(1) (P.L. 95-217) Guidelines Analysis in Appendix G.  Discharges associated with 
dredging in the offshore borrow areas are considered incidental to the dredging operation, 
and therefore, are not being considered as being a discharge addressed under the Section 
404 (b)(1) Guidelines Analysis. 
 
8.07.3  Groundwater 
 
Dredging with beach placement of material will not adversely affect groundwater of the 
area.  Groundwater in the area moves generally east and southeast along a regional gradient 
of about 8 feet per mile.  The potential for saltwater intrusion into groundwater does not 
exist unless a reversal of hydrologic gradient occurs due to excessive groundwater 
pumping.  Water supplies of nearby communities will not be affected by the proposed 
action. 
 
8.08  Other Significant Resources  (as per Sect. 122 of P. L. 91-611)  
 
8.08.1  Air, Noise, and Water Pollution   
 
Temporary increases in exhaust emissions from construction equipment are expected 
during the construction and periodic nourishment period, however, the pollution 
produced will be similar to that produced by other large pieces of machinery and should 
be readily dispersed.  The air quality in Pender County, North Carolina, is designated as 
an attainment area.  The State of North Carolina does have a State Implementation Plan 
("SIP") approved or promulgated under Section 110 of the Clean Air Act (CAA), 
however, for the following reasons, a conformity determination is not required: 
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a.  40 CFR 93.153 (b), "For Federal actions not covered by paragraph (a) of this section, 
a conformity determination is required for each pollutant where the total of direct and 
indirect emissions in a nonattainment or maintenance area caused by a Federal action 
would equal or exceed any of the rates in paragraphs (b) (1) or (2) of this section."  
Pender County has been designated by the State of North Carolina as an attainment area. 
 
b.  The direct and indirect emissions from the project fall below the prescribed 
deminimus levels (58 Fed. Reg. 93.153(c)(1)) and, therefore, no conformity 
determination would be required.  
 
c. The project is located within the jurisdiction for air quality of the Wilmington Regional 
Office of the NCDENR.  The ambient air quality for Pender County has been determined 
to be in compliance with the National Ambient Air Quality Standards.  This project is not 
anticipated to create any adverse effect on the air quality of this attainment area and the 
project is in compliance with Section 176 (c) of the Clean Air Act, as amended. 
 
Noise from construction equipment is slightly out of character for some of the project 
area; however, construction sounds will be readily attenuated by background sounds from 
wind and surf.  Water quality impacts are discussed in Section 8.07.2 and in the Section 
404(b)(1) (P.L. 95-217) evaluation included with this document as Appendix G. 
 
8.08.2  Man-made and Natural Resources, Esthetic Values, Community Cohesion, 
and the Availability of Public Facilities and Services 
 
Beach nourishment will require the extension of dune crossover structures along the 
beach.  Dredging in the offshore borrow areas is not expected to cause significant 
interference with commercial and recreational boat traffic.  The mobility of a hopper 
dredge will preclude any interference with regular commercial ship traffic as a result of 
travel to and from the borrow areas.  For a hydraulic pipeline dredge, the pipeline from 
the borrow area to the disposal beach will be submerged until it reaches nearshore waters. 
 The pipeline would be marked to let commercial and recreational boaters know of its 
presence along the bottom.  Work barges and other appurtenances associated with a 
pipeline dredge operating in open water would be moored so as to minimize interference 
with boat traffic in the area. 
 
Impacts to esthetic values are discussed in Section 8.05.  Impacts to natural resources are 
discussed previous through Sections 8.  Impacts to cultural resources are discussed in 
Section 8.06.  Hurricane protection and beach erosion control will benefit numerous 
roads, business, and residences.  The NED alternative will have beneficial effects on 
community cohesion and will protect many public facilities and services (i.e. roads and 
utilities) from storm events. 
 
8.08.3  Hazardous, Toxic and Radioactive Wastes (HTRW) 
 
The U.S. Army Corps of Engineers standard tiered approach for analyzing the potential 
for encountering contaminated sediments in the potential borrow areas was used to assess 
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the potential borrow areas for HTRW.  According to this analysis, before any chemical or 
physical testing of sediments is conducted, a reason to believe that the sediments may be 
contaminated must be established.  The sources of the sediments in the selected borrow 
areas are derived from sediment transport and deposition by ocean currents.  The 
probability of the areas being contaminated by pollutants is low, however, the beach front 
(potential nourishment area) and the potential borrow areas are located in areas that were 
impacted by the operations of Camp Davis and the Navy’s Operation Bumblebee.   
 
Due to the location of the project area relative to Camp Davis operations, a very remote 
possibility exists that OEW could be present in the material to be dredged from offshore 
borrow areas.  However, the only ordnance that would be expected to be encountered 
would be spent shells from anti-aircraft target practice.  The missiles that were tested 
during Operation Bumblebee contained no OEW and were fired approximately 40 miles 
offshore, well beyond the project area and the likelihood of encountering them in an 
offshore borrow area is remote.   
 
As described in Section 2.07, the anti-aircraft shells that were fired from the beach during 
WWII were presumed to range in size from 37 mm (1.46 inches) to 155 mm (6.10 
inches).  A cultural resources survey, which utilized magnetometer and side-scan sonar 
was completed for all proposed offshore borrow areas.  Survey line spacing was 20 
meters and no anomalies were found within the areas surveyed (See Section 8.06 for 
Cultural Resources summary).  Although the cultural resources survey would have 
identified large anomalies, it was not intended to, nor capable of identifying smaller 
anomalies, such as anti-aircraft shells.  Since the survey did not identify any anomalies, it 
is presumed that any materials found offshore would be small and therefore would not 
impede the dredging and disposal operations and would not present a safety hazard to 
workers on the dredge or to anyone on the beach.  However, to mitigate the very remote 
chance of encountering ordnance, the beach will be inspected on a daily basis and any 
ordnance discovered will be handled in accordance with the Military Munitions Rule, 40 
CFR 260-270. The Marine Corps Base Explosive Ordnance Disposal Team will be 
available (“on call”) during the dredging process.   
 
The bottom sediments that will be dredged from the borrow areas and placed on the 
beach will consist of predominately fine-to-medium grain size with some shell.  
Therefore, no further analyses or physical and chemical testing of the sediments is 
recommended.  It is not expected that any hazardous and toxic waste sites would be 
encountered during construction or periodic nourishment.  However, if any hazardous 
and toxic waste sites are identified, response plans and remedial actions will be the 
responsibility of the local sponsor. 
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8.08.4.  SUMMARY OF CUMULATIVE EFFECTS 
 
The detailed analysis of cumulative effects is included as Appendix J.  The  assessment 
of cumulative effects focused on impacts of dredging from the proposed ocean borrow 
sites, and impacts of placement of sand material on the beach (whether for beach 
nourishment or disposal of dredge maintenance material) on significant coastal shoreline 
resources  In completing the cumulative effects analysis, we reviewed two Environmental 
Reports prepared for and published by the U.S. Department of the Interior, Minerals 
Management Service, entitled “Use of Federal Offshore Sand Resources for Beach and 
Coastal Restoration in New Jersey, Maryland, Delaware, and Virginia,” dated November 
1999 (DOI 1999) and “Collection of Environmental Data Within Sand Resource Areas 
Offshore North Carolina and the Environmental Implications of Sand Removal for 
Coastal and Beach Restoration,” dated 2003 (Byrnes et al. 2003); the U.S. Army Corps of 
Engineers Dare County Beaches (Bodie Island Portion) Final Feasibility Report and EIS 
on Hurricane Protection, dated September 2000; and the U.S. Army Corps of Engineers  
Draft Evaluation Report and Environmental Assessment, Morehead City Harbor Section 
933, dated May 2003, the last two of which included comprehensive assessments of state-
wide cumulative impacts.  In discussing the potential cumulative impacts of offshore 
borrow area dredging and beach nourishment, we considered time crowded perturbations, 
and space crowded perturbations, as defined below, to be pertinent to this action. 
 
 Time crowded perturbations – repeated occurrence of one type of impact in the 

same area. 
 Space crowded perturbations – a concentration of a number of different impacts 

in the same area. 
 
Relatively small portions of North Carolina beaches (approximately 12 percent) are 
presently affected by these activities.  With the proposed action, the impact area would 
not increase significantly since portions of the areas proposed for fill have previously had 
sand deposition.  On a statewide scale, the existing and approved disposal sites are well 
distributed in northern, central and southern parts of the state with undeveloped protected 
beaches (i.e., National/Federal and State Parks and Estuarine Reserves) in between.  It is 
unlikely that cumulative impacts from space crowded perturbation are occurring or will 
occur due to the construction of this project.  The analysis suggests that the potential 
impact area from the proposed and existing actions is small relative to the area of 
available similar habitat on a vicinity and statewide basis.  Also, for some species such as 
sea turtles and seabeach amaranth, beach projects will improve habitat by replacing 
beach material lost to erosion.  Lastly, all impacted areas are expected to recover 
invertebrates, which should continue to be available as food resources.  
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9.  PLAN IMPLEMENTATION 
 
9.01 Project Schedule 
 
Table 9.1 shows the schedule through initial construction for the Selected Plan.  This 
schedule assumes expeditious review and approval of the project through all steps, 
including authorization and funding.  Actual project implementation could take longer. 
 
Table 9.1 – Project Schedule  

Milestones Forecast Date 
Initiate General Re-evaluation February 2001 
Alternative Formulation Briefing July 2004 
Initial Draft GRR and EIS 
Begin 45-day Public Review 

June 2006 

Final Draft GRR and EIS 
Begin 30-day Public Review 

December 2006 

Signed Record of Decision June 2007 
Initiate Initial Plans & Specs July 2007 
Project Authorization November 2007 
Complete Initial Plans & Specs. April 2008 
Execute Project Cooperation Agreement May 2008 
Initiate Real Estate Acquisition June 2008 
Initiate Final Plans & Specs. December 2009 
Complete Real Estate Acquisition May 2010 
Complete Final Plans & Specs. June 2010 
Advertise Initial Construction Contract July 2010 
Open Bids for Initial Construction Contract August 2010 
Award Initial Construction Contract September 2010 
Complete Initial Beachfill Construction April 2011 
Complete Initial Construction All Items June 2011 

 
 
9.02 Division of Plan Responsibilities 
 
9.02.1  General 
 
Federal policy requires that costs for water resources projects be assigned to the various 
purposes served by the project.  These costs are then apportioned between the Federal 
government and the non-Federal sponsor according to percentages specified in Section 
103 of the Water Resources Development Act of 1986 (PL 99-662).  For projects that 
provide protection to publicly owned shores, the purposes are usually (1) hurricane and 
storm damage reduction and (2) separable recreation.  For the Topsail Beach project there 
is no separable recreation component. 
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9.02.2  Cost Sharing 
 
The Selected Plan presented in this report is longer from that currently authorized; 
therefore, implementation will require modification of the existing congressional 
authority.   
 
Cost sharing for initial construction of the Selected Plan would be consistent with that 
specified in Section 103(c)(5) of WRDA 86 as amended by WRDA 96 (generally 65 
percent Federal and 35 percent non-Federal).  Non-Federal interests are required to 
provide all lands, easements, rights of way, and dredged material disposal areas and 
perform all necessary relocations (LERRD) necessary for the project.  The value of the 
non-Federal portion of the LERRD is  $1,220,000 and is included in the non-Federal 
share of initial project construction costs.  The remainder of the non-Federal share of 
initial project construction costs consists of $6,556,300 cash contribution. 
 
Costs incurred in the PED phase from project authorization in 1992 through completion 
of the GRR are classified as Sunk PED Costs.  These Sunk PED costs include initial 
project PED costs of $616,000 and the GRR cost of $4,230,000 for a total of $4,846,000 
and both are cost shared 75% federal and 25% non-federal.  The Total Financial Initial 
Project Construction Costs is composed of both the Sunk PED Costs and the estimated 
Initial Project Construction Costs. 
 
Cost sharing for periodic nourishment (continuing construction) would be consistent with 
Section 215 of WRDA 99, which requires that such costs be shared 50 percent Federal 
and 50 percent non-Federal. 
 
Annual operation, maintenance, repair, replacement, and rehabilitation (OMRR&R) 
costs, such as inspection costs and dune vegetation maintenance costs, are 100 percent 
non-Federal responsibility. The Federal Government is responsible for preparing and 
providing an OMRR&R manual to the sponsor. 
 
As noted previously, current Federal policy requires that, unless there are other, 
overriding considerations, the plan that produces the maximum net benefits, the (NED) 
plan, will be the selected plan recommended for implementation.  In this case, the 
selected plan recommended for implementation is the not NED plan, but is a smaller 
scope, Locally Preferred Plan (LPP).  Cost sharing for the LPP is shown below in Table 
9.2 at October 2004 price levels.   
 
The sponsor is in the process of obtaining the required public access sites and public 
parking to meet the definition of a public shoreline.  The cost apportionment is computed 
to assume that 100% of the project will be a public shoreline by the time the PCA is 
executed.  There will be no private-use shores.  All project costs are allocated to the 
purpose of hurricane and storm damage reduction. 
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Table 9.2  Cost Allocation and Apportionment, October 2004 price levels 

INITIAL PROJECT CONSTRUCTION COSTS 
Apportionment % Apportionment $ Project Purpose 

  
Project 

First Cost Non-Federal Federal Non-Federal Federal 
Hurricane & Storm Damage Reduction $22,218,000  35% 65% $7,776,300  $14,441,700  
  LERRD Credit    $1,220,000  
  Cash Portion    $6,556,300 $14,441,700  
 

TOTAL FINANCIAL INITIAL PROJECT CONSTRUCTION COSTS 
Apportionment % Apportionment $ Project Purpose 

  
Project 

First Cost Non-Federal Federal Non-Federal Federal 
Hurricane & Storm Damage Reduction $22,218,000  35% 65% $7,776,300  $14,441,700  
Sunk PED Costs, Initial PED, Auth. Project $616,000 25% 75% $154,000 $462,000 
Sunk PED Costs, GRR $4,230,000 25% 75% $1,057,500 $3,172,500 
PED Cost share catch-up from 75/25 to 65/35    $484,600 ($484,600) 
Total Financial Cost $27,064,000  35% 65% $9,472,400  $17,591,600  
 

PERIODIC RENOURISHMENT COSTS 
Apportionment % Apportionment $ Project Purpose 

  
Cost per 

Operation Non-Federal Federal Non-Federal Federal 
Hurricane & Storm Damage Reduction $6,411,000 50% 50% $3,201,500 $3,201,500 
 

Apportionment % Apportionment $ Project Purpose 
  

Cost per 
Year Non-Federal Federal Non-Federal Federal 

Monitoring $240,000 50% 50% $120,000 $120,000 
 

ANNUAL OMRR&R COSTS 
Apportionment % Apportionment $ Project Purpose 

  
Cost per 

Year Non-Federal Federal Non-Federal Federal 
General Repair, Maintenance, Inspection $21,000 100% 0% $21,000 $0 
 
9.02.3  Financial Analysis 
 
The non-Federal sponsor has submitted financial plans and statements of financial 
capability, and has requested a letter from the State of North Carolina which declares the 
State's financial capability and financing plan relative to a West Onslow Beach and New 
River Inlet (Topsail Beach), NC shore protection project.  Preliminary documentation of 
the sponsor's financial capability is to be provided in Appendix H. 
 
9.02.4  Project Cooperation Agreement 
 
The model Project Cooperation Agreement (PCA), based on the selected plan, was fully 
discussed with the non-Federal sponsor.  The non-Federal sponsor has a clear 
understanding of the type of agreement that must be signed prior to the start of project 
construction.  The terms of local cooperation to be required in the PCA are described in 
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Section 13.0, Recommendations.  Letters of intent from the non-Federal sponsor are to be 
provided in Appendix H. 
 
Federal commitments regarding a construction schedule or specific provisions of the 
PCA cannot be made to the non-Federal sponsor on any aspect of the recommended plan 
or separable element until: 
 

• The recommended plan is authorized by Congress; 
 

• Construction funds are provided by Congress, apportioned by the Office of 
Management and Budget, and their allocation is approved by the Assistant 
Secretary of the Army for Civil Works (ASA {CW}); and 

 
• The draft PCA has been reviewed and approved by the ASA (CW). 

 
The PCA would not be executed nor would construction be initiated on this project or 
any separable element until compliance requirements have been met for applicable 
Federal and state statutes.  Compliance is met once the Final Environmental Impact 
Statement has been fully coordinated and a Record of Decision has been signed. 
 
After this report is approved and the project budgeted for construction, Wilmington 
District can conduct negotiations with the non-Federal sponsor regarding the PCA, and 
submit a draft PCA package to higher authority for review and approval by the ASA 
(CW).  The PCA would be executed only after approval of this report and enactment into 
law of an Appropriations Bill providing funds for this project.  Federal construction funds 
for the project will not allocated by the Chief of Engineers until the ASA (CW) approves 
the non-Federal sponsor's financing plan and the PCA has been executed. 
 
9.03  Views of the Non-Federal Sponsor 
 
The Selected Plan of Improvement is acceptable to the non-Federal sponsor.  Letters of 
support from the Town of Topsail Beach are to be provided in Appendix H. 
 
9.04  Views of the State of North Carolina  
 
The State of North Carolina, Department of Environment and Natural Resources, 
Division of Water Resources has indicated support for implementation of the Selected 
Plan. 
 
9.05  Views of the U.S. Fish & Wildlife Service 
 
Views of the USFWS are provided in the attached Draft Fish and Wildlife Coordination 
Act Report in Appendix L.  The recommendations of the USFWS and responses by 
USACE are presented in Section 11.02, Fish & Wildlife Coordination, of this report.. 
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10.  COMPLIANCE WITH ENVIRONMENTAL REQUIREMENTS  
 
10.01 General 
 
The following paragraphs summarize the relationship of the proposed action to the most 
pertinent Federal, State, and local requirements.  Table 10.1 lists the compliance status of 
all Federal Laws and Policies that were considered for the proposed Topsail Beach 
project.   
 
10.02  Water Quality  
 
10.02.1  Section 401 of Clean Water Act of 1977 

 
A Section 401 Water Quality Certificate under the Clean Water Act of 1977 (PL 95-217), 
as amended, is required for the proposed project and is being requested from the North 
Carolina Division of Water Quality.  Work will not proceed until the certificate is 
received. 
 
10.02.2  Section 404 of Clean Water Act of 1977 
 
Pursuant to Section 404 of the Clean Water Act, the impacts associated with the 
discharge of fill material into waters of the United States are discussed in the Section 
404(b)(1) (P.L. 95-217) evaluation in Appendix G.  Discharges associated with dredging 
in the offshore borrow areas are considered incidental to the dredging operation, and 
therefore, are not being considered as being a discharge addressed under the Section 404 
(b)(1) Guidelines Analysis. 
 
 
10.03 Marine, Protection, Research, and Sanctuaries Act 
 
In 1972,Congress enacted the Marine Protection, Research and Sanctuaries Act 
(MPRSA), declaring that it is the policy of the United States to regulate the dumping of 
all types of materials into ocean waters.  The Act is designed to prevent or strictly limit 
the dumping into ocean waters of any material, which would adversely affect human 
health, welfare, or amenities, or the marine environment, ecological systems, or 
economic potentialities. The proposed shoreline protection project does not involve 
ocean disposal of dredged material.  Therefore, the project is considered to be in 
compliance with the requirements of the MPRSA. 
 
10.04 Essential Fish Habitat  
 
Potential project impacts on Essential Fish Habitat species and their habitats have been 
evaluated and are addressed in Section 8.01.8 of this document.  It has been determined that 
the proposed action will not have a significant adverse effect on these resources.  By 
coordination of this document with the National Marine Fisheries Service, consultation is 
officially initiated and concurrence with our findings is requested.  Compliance obligations 
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related to Essential Fish Habitat provisions of the 1996 Congressional amendments to the 
Magnuson-Stevens Fishery Conservation and Management Act (PL 94-265) will be 
fulfilled prior to initiation of the proposed action.  
 
10.05 Fish and Wildlife Resources  
 
The Fish and Wildlife Coordination Act, as amended (16 U.S.C. 661, et seq), requires 
that the Corps of Engineers coordinate and obtain comments from the USFWS, the 
National Marine Fisheries Service, where applicable, and appropriate state fish and 
wildlife agencies, including the North Carolina Division of Marine Fisheries and the 
North Carolina Wildlife Resources Commission.   A Draft Fish and Wildlife 
Coordination Act Report (Appendix L) has been provided by the USFWS under the Fish 
and Wildlife Coordination Act.   
 
10.06 Endangered and Threatened Species  
 
A biological assessment evaluating the potential impacts of the proposed action on 
endangered and threatened species has been prepared (Appendix I) and is being coordinated 
with the USFWS (jurisdiction over the Florida manatee, nesting sea turtles, piping plovers, 
and seabeach amaranth) and NMFS (jurisdiction over other protected marine and aquatic 
species which may occur in the project vicinity) pursuant to Section 7 of the Endangered 
Species Act of 1973 (PL 93-205), as amended.  Compliance obligations under Section 7 
will be satisfied prior to implementation of the proposed action. 
 
10.06.1  Commitments To Reduce Impacts To Listed Species 
 
The following list is a summary of environmental commitments to protect listed species 
related to the construction and maintenance of the proposed project.  These commitments 
address agreements with agencies, mitigation measures, and construction practices and 
should be considered preliminary.  The list of commitments may be modified pending 
new information acquired through the public and agency review process. 
 
1. The National Marine Fisheries Service Regional Biological Opinion for the 
continued hopper dredging of channels and borrow areas in the southeastern United 
States dated 25 September, 1997 will be strictly adhered to.  Furthermore, Hopper 
dredging activities will comply with the South Atlantic Division Corps of Engineers 
hopper dredging protocol which requires a hopper dredging window of 1 December to 31 
March, the use of turtle deflecting dragheads, inflow and/or overflow screening, and 
NMFS certified turtle and whale observers. 
 
2. In order to determine the potential taking of whales, turtles and other species by 
hopper dredges, NMFS certified observers will be on board the hopper dredges during 
construction.  To the maximum extent feasible, the observers will record all species taken 
along with length and weight and any unusual circumstances that might have led to the 
species capture.  Observers will also record all whale observations within the project 
vicinity    
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3. Monitoring of sea turtle nesting activities in beach nourishment areas will be 
required to assess post nourishment nesting activity.  This will include daily surveys 
beginning at sunrise from May 1 until September 15.  Information on false crawl 
location, nest location, and hatching success of all nests will be recorded.  The beach will 
be monitored for escarpment formation prior to each nesting season.  If an escarpment 
exceeds 18 inches for a distance of 100 ft. it will be leveled. 
 
4. Monitoring for seabeach amaranth on Topsail Beach will be required to assess the 
post nourishment presence of plants.  This survey will be broken down into 5 survey 
reaches (A1, A2, A3, A4, B) in accordance with the designated USACE seabeach 
amaranth survey reaches from 1991-2004 in order to maintain consist data and survey 
techniques over time.  
 
5. The Corps will implement precautionary measures for avoiding impacts to 
manatees during construction activities as detailed in the “Guidelines for Avoiding 
Impacts to the West Indian Manatee in North Carolina Waters” established by the 
USFWS. 
 
10.07  Cultural Resources  
 
Significant impacts to known archaeological or historic resources are not anticipated due to 
the proposed work.  Project-specific historic survey data have been coordinated with the 
NCSHPO, and concurrence has been obtained that the proposed action will not cause 
significant adverse impacts to submerged cultural resources.  
 
No prehistoric sites were specifically considered in the survey.  While there has been 
some success developing upland-offshore site location correlates in Florida and perhaps 
elsewhere, the methodology is not very well developed for sites within the Carolinas 
region, nor are there a significant number of upland locations that could be used to model 
settlement in now inundated areas.  Monitoring may be a way to determine if such sites 
were encountered during dredging, but the use of heavy equipment throughout the 
renourishment process might make precise relocation of sites very difficult.  The need for 
monitoring will be discussed with archaeologists from the NC Division of Archives and 
History Underwater Archeology Branch (UAB).  In past reviews of the project, the UAB 
has not mentioned prehistoric sites or impacts to other types of sites; shipwrecks have 
been the major concern.  The SHPO letter accepting the final report of investigations is 
dated March 1, 2005 and is included in Appendix H.   
 
10.08  Executive Order 11988 (Flood Plain Management)  
 
This Executive Order was enacted to avoid to the extent possible the long and short term 
adverse impacts associated with the occupancy and modification of floodplains and to 
avoid direct or indirect support of floodplain development wherever there is a practicable 
alternative.  Placement of beachfill will occur in the floodplain of area beaches.  This 
placement will be conducted specifically for its beneficial effect in offsetting erosion and 
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restoring damaged beaches, and is, therefore judged acceptable. The action may induce 
additional development within the floodplain, but is not expected to significantly increase 
the effect on the floodplain.  The proposed action is in compliance with the requirements 
of Executive Order 11988 and with State/local flood plain protection standards. 
 
10.09  Executive Order 11990 (Protection of Wetlands)  
 
Executive Order 11990 directs all Federal agencies to issue or amend existing procedures 
to ensure consideration of wetlands protection in decision making and to ensure the 
evaluation of the potential impacts of any new construction proposed in a wetland.  The 
proposed action would not require filling any wetlands and would not produce significant 
changes in hydrology or salinity affecting wetlands.  The proposed action is in 
compliance with Executive Order 11990. 
 
10.10  Executive Order 13186 (Responsibilities of Federal Agencies To Protect 
Migratory Birds) 
 
Executive Order 13186 directs departments and agencies to take certain actions to further 
implement the Migratory Bird Treaty Act (MBTA). Specifically, the Order directs 
Federal agencies, whose direct activities will likely result in the take of migratory birds, 
to develop and implement a Memorandum of Understanding (MOU) with the FWS that 
shall promote the conservation of bird populations.  The proposed project would not 
adversely affect migratory birds and therefore, is in compliance with EO 13186. 
 
10.11  Outer Continental Shelf Lands Act  
 
The Outer Continental Shelf (OCS) law provides the Secretary of the Interior, on behalf 
of the Federal Government, with authority to manage the mineral resources, including oil 
and gas, on the OCS.  The Minerals Management Service (MMS) Leasing Division is 
charged with environmentally responsible management of Federal Outer Continental 
Shelf (OCS) sand and gravel resources. The OCS is a zone that generally extends from 3 
miles seaward of the coastal State boundaries out to 200 miles.  Approximately 60% of 
the potential borrow material for the Topsail Beach project is located within the OCS.    
Public Law 102-426 (43 U.S.C. 1337(k)(2)), enacted 31 October 1994, gave MMS the 
authority to negotiate, on a noncompetitive basis, the rights to OCS sand, gravel, and 
shell resources for shore protection, beach or wetlands restoration projects, or for use in 
construction projects funded in whole or part by or authorized by the Federal 
government.  
 
Under Public Law 103-426 (see Appendix 1), both agencies, in this case the Corps or 
Engineers and MMS, will sign a Memorandum of Agreement (MOA) that describes the 
project and procedures, ensuring environmental and administrative requirements are met. 
Coordination with MMS is ongoing and the required MOA will be signed prior to  
completion of the Chief of Engineers Report and the signing of the Record of Decision 
(ROD).  The MOA will indicate that the MMS is working with Federal, State, or local 
governments on a negotiated agreement for the sand. The MMS then will notify the 
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appropriate party that a request for a negotiated agreement is needed.  The MMS will not 
issue a lease until all applicable Federal requirements have been appropriately satisfied.  
Coordination with MMS is ongoing and all MMS requirements will be met prior to start 
of construction.   
 
10.12  North Carolina Coastal Management Program 
 
The proposed action will be conducted in the designated coastal zone of the State of 
North Carolina.  Pursuant to the Federal Coastal Zone Management Act (CZMA) of 
1972, as amended (PL 92-583), Federal activities are required to be consistent, to the 
maximum extent practicable, with the Federally approved coastal management program 
of the state in which their activities will occur.  The components of the proposed action 
have been evaluated and determined to be consistent with the NC Coastal Management 
Program and local land use plans.  Concurrence with this determination is being requested 
from the NC Division of Coastal Management. 
 
10.12.1 Areas of Environmental Concern (AEC)  
 
The selected plan would take place in areas under the North Carolina Coastal 
Management Program designated as AEC (15A NCAC 07H).  Specifically, the activities 
may affect the following AECS:  Coastal Wetlands, Estuarine Waters, Public Trust 
Areas, Coastal Shorelines, and Ocean Hazard Areas.  The following determination has 
been made regarding the consistency of the proposed project with the State's management 
objective for each AEC affected: 
 
Coastal Wetlands.  Coastal wetlands are defined as any salt marsh or other marsh subject 
to regular or occasional flooding by tides, including wind tides (whether or not the tide 
waters reach the marshland areas through natural or artificial watercourses), provided this 
shall not include hurricane or tropical storm tides.  The highest priority of use shall be 
allocated to the conservation of existing coastal wetlands. Second priority of coastal 
wetland use shall be given to those types of development activities that require water 
access and cannot function elsewhere.  Unacceptable land uses may include, but would 
not be limited to, the following examples: restaurants and businesses; residences, 
apartments, motels, hotels, and trailer parks; parking lots and private roads and highways; 
and factories.  Examples of acceptable land uses may include utility easements, fishing 
piers, docks, and agricultural uses, such as farming and forestry drainage, as permitted 
under North Carolina's Dredge and Fill Act or other applicable laws.   The management 
objective is to conserve and manage coastal wetlands so as to safeguard and perpetuate 
their biological, social, economic and esthetic values; to coordinate and establish a 
management system capable of conserving and utilizing coastal wetlands as a natural  
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resource essential to the functioning of the entire estuarine system.   Although dredge 
pipelines may cross coastal wetlands during renourishment events, impacts would be 
minor and temporary and therefore, consistent with the management objective for this 
AEC. 
 
Estuarine Waters.  Estuarine waters are defined in G.S. 113A-113(b)(2) to include all the 
waters of the Atlantic Ocean within the boundary of North Carolina and all the waters of 
the bays, sounds, rivers and tributaries thereto seaward of the dividing line between 
coastal fishing waters and inland fishing waters.  The highest priority of use shall be 
allocated to the conservation of estuarine waters and their vital components.  Second 
priority of estuarine waters use shall be given to those types of development activities 
that require water access and use which cannot function elsewhere such as simple access 
channels; structures to prevent erosion; navigation channels; boat docks, marinas, piers, 
wharfs, and mooring pilings. The management objective is to conserve and manage the 
important features of estuarine waters so as to safeguard and perpetuate their biological, 
social, esthetic, and economic values; to coordinate and establish a management system 
capable of conserving and utilizing estuarine waters so as to maximize their benefits to 
man and the estuarine and ocean system.  The selected plan would not involve estuarine 
waters and therefore will not be detrimental to estuarine waters. 
 
Public Trust Areas.  These areas include (1) waters of the Atlantic Ocean and the lands 
thereunder from the mean high water mark to the 3-mile limit of state jurisdiction,  (2) all 
natural bodies of water subject to measurable lunar tides, and all lands thereunder, to the 
mean high water mark, and (3) all navigable natural bodies of water, and all lands 
thereunder, except privately owned lakes to which the public has no right of access.  
Acceptable uses include those that are consistent with protection of the public rights for 
navigation and recreation, as well as conservation and management to safeguard and 
perpetuate the biological, economic, and esthetic value of these areas.  The management 
objective is to protect public rights for navigation and recreation and to conserve and 
manage the public trust areas so as to safeguard and perpetuate their biological, economic 
and esthetic value.  The selected plan is an acceptable use within public trust areas.  The 
plan will not be detrimental to the biological and physical functions of public trust 
waters. 
 
Coastal Shorelines.  The Coastal Shorelines category includes estuarine shorelines and 
public trust shorelines.  Estuarine shorelines AEC are those non-ocean shorelines 
extending from the normal high water level or normal water level along the estuarine 
waters, estuaries, sounds, bays, fresh and brackish waters, and public trust areas.  
Acceptable uses shall be limited to those types of development activities that will not be 
detrimental to the public trust rights and the biological and physical functions of the 
estuarine and ocean system.  The management objective is to ensure that shoreline 
development is compatible with both the dynamic nature of coastal shorelines as well as 
the values and the management objectives of the estuarine and ocean system.  Other 
objectives are to conserve and manage the important natural features of the estuarine and 
ocean system so as to safeguard and perpetuate their biological, social, esthetic, and 
economic values; to coordinate and establish a management system capable of 



 

-- 122 -- 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

Draft General Reevaluation Report and Draft Environmental Impact Statement 

conserving and utilizing these shorelines so as to maximize their benefits to the estuarine 
and ocean system and the people of North Carolina.  The proposed project would not be 
expected to negatively impact coastal shorelines.   
 
Ocean Hazard Areas.  These areas are considered natural hazard areas along the Atlantic 
Ocean shoreline where, because of their special vulnerability to erosion or other adverse 
effects of sand, winds, and water, uncontrolled or incompatible development could 
unreasonably endanger life or property.  Ocean hazard areas include beaches, frontal 
dunes, inlet lands, and other areas in which geologic, vegetative and soil conditions 
indicate a substantial possibility of excessive erosion or flood damage.  The specific 
Ocean Hazard Areas and potential project impacts are described below.  
 
Ocean Erodible Area.  This is the area in which there exists a substantial possibility of 
excessive erosion and significant shoreline fluctuation.  The seaward boundary of this 
area is the mean low water line.  The landward extent of this area is determined as 
follows: 

 
(a) a distance landward from the first line of stable natural vegetation to the 

recession line that would be established by multiplying the long-term annual erosion rate 
times 60, provided that, where there has been no long-term erosion or the rate is less than 
two feet per year, this distance shall be set at 120 feet landward from the first line of 
stable natural vegetation. For the purposes of this Rule, the erosion rates shall be the 
long-term average based on available historical data.  The current long-term average 
erosion rate data for each segment of the North Carolina coast is depicted on maps 
entitled "Long Term Annual Shoreline Change Rates updated through 1998 and approved 
by the Coastal Resources Commission on January 29th, 2004 (except as such rates may 
be varied in individual contested cases, declaratory or interpretive rulings). Erosion rates 
are variable along Topsail Beach.  See Appendix D (Figure D-5) for a comparison of the 
shoreline rate change, referenced above, to recently computed erosion rates at Topsail 
Beach.   

 
(b) a distance landward from the recession line established in Sub-Item (1)(a), 

above, to the recession line that would be generated by a storm having a one percent 
chance of being equaled or exceeded in any given year. 

 
Construction of the proposed beach template, which consists of 12-foot elevation dune 
(NGVD) and 50-foot wide berm, will result in a wider, more stable beach, thus providing 
significant benefits to the ocean erodible area.  Beach-related work, including the 
discharge of dredged material, the associated temporary operation of heavy equipment, 
and placement of dredge pipeline, would not cause any significant adverse effects to the 
ocean erodible area.   
 
High Hazard Flood Area.  This is the area subject to high velocity waters (including, but 
not limited to, hurricane wave wash) in a storm having a one percent chance of being 
equaled or exceeded in any given year, as identified as zone V1-30 on the flood insurance 
rate maps of the Federal Insurance Administration, U.S. Department of Housing and 
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Urban Development.  Placement of beach nourishment on the beach would provide short-
term protection benefits for high hazard flood areas. 
 
Inlet Hazard Area.  The inlet hazard areas are natural-hazard areas that are especially 
vulnerable to erosion, flooding and other adverse effects of sand, wind, and water 
because of their proximity to dynamic ocean inlets. This area shall extend landward from 
the mean low water line a distance sufficient to encompass that area within which the 
inlet will, based on statistical analysis, migrate, and shall consider such factors as 
previous inlet territory, structurally weak areas near the inlet (such as an unusually 
narrow barrier island, an unusually long channel feeding the inlet, or an overwash area), 
and external influences such as jetties and channelization.  In all cases, this area shall be 
an extension of the adjacent ocean erodible area and in no case shall the width of the inlet 
hazard area be less than the width of the adjacent ocean erodible area.  While components 
of the proposed action may involve the movement of equipment across these areas, no 
construction or periodic nourishment activities are proposed for these areas, and no 
adverse impacts are anticipated. 
 
10.12.2 Other State Policies  
 
The proposed project has been determined to be consistent with other state policies found 
in the State's Coastal Management Program document that are applicable.  These include: 
 
North Carolina Mining Act.  The removal of material from the offshore borrow areas that 
are within three miles of shore have been reviewed by the North Carolina Division of 
Land Resources and a determination has been made that removal of sand from the sea 
floor within the three miles territorial limits is not an activity that would be classified as 
mining under the North Carolina Mining Act (15A North Carolina Administrative Code 
Subchapter 05A .0200). 
 
Shoreline Erosion Response Policies.  NC Administrative Code 7M - Section .0200 
addresses beach restoration projects as feasible alternatives to the loss or massive 
relocation of oceanfront development when public beaches and public or private 
properties are threatened by erosion; when beach restoration, renourishment, or sand 
disposal projects are determined to be socially and economically feasible and cause no 
significant adverse environmental impacts; and the project is consistent with state 
policies for shoreline erosion response and state use standards for Ocean Hazard and 
Public Trust Areas of Environmental Concern. 
 
Policies on Beneficial Use of Materials from the Excavation or Maintenance of 
Navigation Channels.  NC Administrative Code 7M - Section .1101 states that it is the 
policy of the state that material resulting from the excavation or maintenance of 
navigation channels be used in a beneficial way wherever practicable.  Policy statement 
.1102 (a) indicates that "clean, beach quality material dredged from navigation channels 
within the active nearshore, beach, or inlet shoal systems must not be removed 
permanently from the active nearshore, beach, or inlet shoal system unless no practicable 
alternative exists.  Preferably, this dredged material will be disposed of on the ocean 
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beach or shallow active nearshore area where environmentally acceptable and compatible 
with other uses of the beach." 
  
Components of the proposed action are consistent with these three policies of the NC 
Coastal Management Program. 
 
10.12.3  Local Land Use Plans  
 
This project is consistent with local Land Use Plans for Topsail Beach and Pender 
County.  Based on the information presented within this draft GRR and DEIS, the 
proposed project is consistent with the North Carolina Coastal Management Program. 
This determination is being provided to the State for its review and concurrence. 
 
10.13  Coastal Barrier Resources Act  
 
The Coastal Barrier Resources Act (CBRA) of 1982 (P.L. 97-348) prohibits expenditure 
of Federal funds for activities within the designated limits of the Coastal Barrier 
Resources System unless specifically exempted by Section 6 of the Act.  As stated in that 
Section, Federal expenditures are allowable in association with maintenance of existing 
channel improvements, including disposal of dredged material related to such 
improvements.  Designated maps showing all sites included in the system in North 
Carolina show Lea Island Complex (L07) to be within the Coastal Barrier Resource 
System and protected under the Coastal Barrier Improvement Act of 1990 (USFWS 
1990).  This site is within the study area (Figure 1.1) but would not be affected by the 
selected plan (Appendix A, Figure A-3). 
 
10.14  Estuary Protection Act  
 
The Estuary (Estuarine) Protection Act provides a means to protect, conserve, and restore 
estuaries in a manner that maintains balance between the need for natural resource 
protection and conservation and the need to develop estuarine areas to promote national 
growth.  The act authorizes the Secretary of the Interior to work with the States and other 
Federal agencies in undertaking studies and inventories of estuaries of the United States.  
 The proposed project would have minimal impact on the estuarine environment, as 
discussed in Section 8 of this report, therefore the project is in compliance with the 
Estuary Protection Act. 
 
10.15  Sedimentation and Erosion Control  
 
Pursuant to the Sedimentation Pollution Control Act of 1973, a State approved soil 
erosion and sedimentation control plan would be implemented during construction to 
minimize soil loss and erosion.   
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10.16  Prime and Unique Agriculture Land 
 
According to the Soil Survey of Pender County, North Carolina, 1991 Update, the soils 
on the beach that may be impacted by the proposed project are not designated by the 
Natural Resource Conservation Service (NRCS) as prime or unique agriculture lands.   
No impacts to prime and unique agriculture lands will occur. 
 
Table 10.1.  The relationship of the proposed action to Federal Laws and Policies.   
Title of Public Law  US CODE  Compliance 

Status 
Abandoned Shipwreck Act of 1987  43 USC 2101  Full Compliance 
American Indian Religious Freedom Act  42 USC 1996  Not  Applicable 
Agriculture and Food Act (Farmland Protection Policy Act) of 1981 7 USC 4201 et seq.  Not  Applicable 
American Folklife Preservation Act of 1976, As Amended  20 USC 2101  Not Applicable 
Anadromous Fish Conservation Act of 1965, As Amended  16 USC 757 a et seq.  Full Compliance 
Antiquities Act of 1906, As Amended  16 USC 431  Full Compliance 
Archeological and Historic Preservation Act of 1974, As Amended  16 USC 469  Full Compliance 
Archeological Resources Protection Act of 1979, As Amended  16 USC 470  Full Compliance 
Bald Eagle Act of 1972  16 USC 668  Not Applicable 
Buy American Act  41 USC 102  Full Compliance 
Civil Rights Act of 1964 (Public Law 88-352)  6 USC 601  Full Compliance 
Clean Air Act of 1972, As Amended  42 USC 7401 et seq.  Full Compliance 
Clean Water Act of 1972, As Amended  33 USC 1251 et seq.  Full Compliance 
Coastal Barrier Resources Act of 1982  16 USC 3501-3510  Full Compliance 
Coastal Zone Management Act of 1972, As Amended  16 USC 1451 et seq.  Full Compliance 
Comprehensive Environmental Response, Compensation and 
Liability Act of 1980  

42 USC 9601  Not Applicable 

Conservation of Forest Lands Act of 1960  16 USC 580 mn  Not Applicable 
Contract Work Hours  40 USC 327  Full Compliance 
Convict Labor  18 USC 4082  Full Compliance 
Copeland Anti-Kickback  40 USC 276c  Full Compliance 
Davis Bacon Act  40 USC 276  Full Compliance 
Deepwater Port Act of 1974, As Amended  33 USC 1501  Not Applicable 
Emergency Flood Control Funds Act of 1955, As Amended  33 USC 701m  Not Applicable 
Emergency Wetlands Resources Act  16 USC 3901-3932  Full Compliance 
Endangered Species Act of 1973  16 USC 1531  Full Compliance 
Estuary Program Act of 1968  16 USC 1221 et seq.  Full Compliance 
Equal Opportunity  42 USC 2000d  Full Compliance 
Farmland Protection Policy Act  7 USC 4201 et seq.  Not Applicable 
Federal Environmental Pesticide Act of 1972  7 USC 136 et seq.  Full Compliance 
Federal Water Project Recreation Act of 1965, As Amended  16 USC 4601  Full Compliance 
Fish and Wildlife Coordination Act of 1958, As Amended  16 USC 661  Full Compliance 
Flood Control Act of 1944, As Amended, Section 4  16 USC 460b  Full Compliance 
Food Security Act of 1985 (Swampbuster)  16 USC 3811 et seq.  Not Applicable 
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Hazardous Substance Response Revenue Act of 1980, As 
Amended  

26 USC 4611  Not Applicable 

Historic and Archeological Data Preservation  16 USC 469  Full Compliance 
Historic Sites Act of 1935  16 USC 461  Full Compliance 
Jones Act  46 USC 292  Full Compliance 
Land and Water Conservation Fund Act of 1965  46 USC 4601  Not Applicable 
Magnuson Fishery Conservation and Management Act  16 USC 1801  Full Compliance 
Marine Mammal Protection Act of 1972, As Amended  16 USC 1361  Full Compliance 
Marine Protection, Research and Sanctuaries Act of 1972  33 USC 1401  Full Compliance 
Migratory Bird Conservation Act of 1928, As Amended  16 USC 715  Full Compliance 
Migratory Bird Treaty Act of 1918, As Amended  16 USC 703  Full Compliance 
National Environmental Policy Act of 1969, As Amended  42 USC 4321 et seq.  Full Compliance 
National Historic Preservation Act of 1966, As Amended  16 USC 470  Full Compliance 
National Historic Preservation Act Amendments of 1980  16 USC 469a  Full Compliance 
Native American Religious Freedom Act of 1978  42 USC 1996  Not Applicable 
Native American Graves Protection and Repatriation Act  25 USC 3001  Full Compliance 
Native American Religious Freedom Act of 1978  16 USC 469a  Not Applicable 
National Trails System Act  16 USC 1241  Not Applicable 
Noise Control Act of 1972, As Amended  42 USC 4901 et seq.  Full Compliance 
Rehabilitation Act (1973)  29 USC 794  Full Compliance 
Reservoir Salvage Act of 1960, As Amended  16 USC 469  Not Applicable 
Resource Conservation and Recovery Act of 1976  42 USC 6901-6987  Not Applicable 
River and Harbor Act of 1888, Sect 11  33 USC 608  Not Applicable 
River and Harbor Act of 1899, Sections 9, 10, 13  33 USC 401-413  Full Compliance 
River and Harbor and Flood Control Act of 1962, Section 207  16 USC 460  Not Applicable 
River and Harbor and Flood Control Act of 1970, Sections 122, 209 
and 216  

33 USC 426 et seq.  Full Compliance 

Safe Drinking Water Act of 1974, As Amended  42 USC 300f  Full Compliance 
Shipping Act  46 USC 883  Full Compliance 
Submerged Lands Act of 1953  43 USC 1301 et seq.  Full Compliance 
Superfund Amendments and Reauthorization Act of 1986  42 USC 9601  Not Applicable 
Surface Mining Control and Reclamation Act of 1977  30 USC 1201-1328  Not Applicable 
Toxic Substances Control Act of 1976  15 USC 2601  Not Applicable 
Uniform Relocation and Assistance and Real Property Acquisition 
Policies Act of 1970, As Amended  

43 USC 4601 et seq.  Full Compliance 

Utilization of Small Business  15 USC 631, 644  Full Compliance 
Vietnam Veterans  38 USC 2012  Not Applicable 

Executive Orders  
Protection and Enhancement of Environmental Quality 11514/11991 Full Compliance 
Protection and Enhancement of the Cultural Environment 11593 Full Compliance 
Floodplain Management 11988 Full Compliance 
Protection of Wetlands 11990 Full Compliance 
Federal Compliance with Pollution Control Standards 12088 Full Compliance 
Environmental Effects Abroad of  Major Federal Actions 12114 Not Applicable 
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Offshore Oil Spill Pollution 12123 Full Compliance 
Procurement Requirements and Policies for Federal Agencies for 
Ozone-Depleting Substances 

12843 Full Compliance 

Federal Compliance with Right-To-Know Laws and Pollution 
Prevention 

12856 Full Compliance 

Federal Actions to Address Environmental Justice and Minority and 
Low-Income Populations 

12898 Full Compliance 

Implementation of the North American Free Trade Agreement 12889 Full Compliance 
Energy Efficiency and Water Conservation at Federal Facilities 12902 Full Compliance 
Federal Acquisition and Community Right-To-Know 12969 Full Compliance 
Protection Of Children from Environmental Health Risks and Safety 
Risks 

13045 Full Compliance 

Coral Reef Protection 13089 Full Compliance 
Greening the Government through Waste Prevention, Recycling 
and Federal Acquisition 

13101 Full Compliance 

Invasive Species 13112 Full Compliance 
Greening the Government Through Leadership in Environmental 
Management 

13148 Full Compliance 

Marine Protected Areas 13158 Full Compliance 
Consultation and Coordination with Indian Tribal Governments 13175 Not Applicable 
Responsibilities of Federal Agencies to Protect Migratory Birds 13186 Full Compliance 
Executive Order Facilitation of Cooperative Conservation 13352 Full Compliance 
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11.  SUMMARY OF AGENCY AND PUBLIC INVOLVEMENT  
 
11.01  Scoping 
 
On February 14, 2001, a scoping letter was sent to agencies, interest groups, and the public 
to request identification of significant resources and issues of concern.  Eleven (11) letters 
of comment were received.  The scoping letter, a list of respondents and comment letters 
appear in Appendix K.  Comments received addressed various aspects of the project and 
generally (1) identified resource concerns or (2) other aspects of the project, such as 
alternatives analysis, dredging window, cumulative impact analysis, etc. needing to be 
thoroughly addressed.  All comments received were considered during the continuation of 
project planning and design.  Additional coordination has been conducted with 
representatives of the U. S. Fish and Wildlife Service, National Marine Fisheries Service, 
North Carolina Department of Archives and History, North Carolina Wildlife Resources 
Commission and the Mineral Management Service. 
 
11.02  Fish & Wildlife Coordination 
 
The Fish and Wildlife Coordination Act, as amended (16 U.S.C. 661, et seq), requires 
that the Corps of Engineers coordinate and obtain comments from the USFWS, the 
National Marine Fisheries Service, where applicable, and appropriate state fish and 
wildlife agencies, including the North Carolina Division of Marine Fisheries and the 
North Carolina Wildlife Resources Commission.  The USFWS provided a Planning Aid 
Report (PAR), dated September 10, 2003, which provided recommendations that have been 
considered during project development.  Information regarding the components of the 
proposed action, potential alternatives, and related environmental issues have been 
coordinated with the USFWS, and their views are documented in a Draft Fish & Wildlife 
Coordination Act (FWCA) Report, dated May 25, 2005 (Appendix L).    Specific fish and 
wildlife recommendations and USACE responses are presented in the following 
paragraphs: 
 
1.  USFWS Recommendation:  Observance of sensitive sea turtle and piping plover 
nesting seasons (April 1 through November 15, collectively) during construction. 
 
Corps Response:  During initial construction and throughout each re-nourishment 
interval, the Corps intends, to the maximum extent practicable, to observe the sensitive 
sea turtle nesting season (1 May – 15 November).  As addressed in the EIS, initial 
construction and each re-nourishment interval can be completed within the turtle window 
if no un-expected obstacles are encountered.  However, considering the larger quantities 
of sediment that are needed during initial construction, completion of construction 
activities within the turtle window could be very tight.  Therefore, the Corps will likely 
coordinate with the North Carolina Wildlife Resources Commission (NCWRC) and the 
Fish and Wildlife Service (USFWS), during initial construction, to begin placing pipe on 
the beach by 1 November so that pumping could commence on 15 November.  The Corps 
will work with the NCWRC and the sea turtle coordinator for the Town of Topsail Beach 
in order to relocate any nests laid late in the season that may have an incubation period 
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through 15 November and would be within the initial point of construction within the 
project area.  Considering that only a small portion of the Topsail Island will be impacted 
with construction activities during this 15-day timeframe within the observed sea turtle 
nesting season, there will be several places throughout the island to relocate nests to 
outside of construction activities if necessary.  Nonetheless, a commitment to observe the 
sea turtle nesting season during initial construction and re-nourishment will be adhered 
to, to the maximum extent practicable.   
 
The Draft Environmental Impact Statement (EIS) for the Topsail Beach (West Onslow) 
Shore Protection Project (General Re-evaluation Report) provides a review of piping 
plover nesting activity on Topsail Beach and documents historical nesting activity in the 
southern spit portion of the island, outside of the project limits.  Though construction 
during initial nourishment and during each re-nourishment interval will extend through 
April 30, no construction activities or disposal of sediment will occur in the designated 
piping plover critical habitat where most historical nesting has occurred.  Prior to each 
nourishment event, the Corps will coordinate with the NCWRC and USFWS to address 
any new piping plover concerns within the project area and will work with the agencies 
to reduce any impacts to the maximum extent practicable.  Heavy development and beach 
use and a lack of the constituent elements necessary for good piping plover nesting 
habitat have limited nesting activity on the developed portions of the island.  The Corps 
will plan, to the maximum extent practicable, to commence nourishment operations at the 
southern limits during the winter months and work away from the designated critical 
habitat area so that by 1 April the project construction is at its northern limits.  Though 
nourishment activities will occur in the month of April, the work at that time will be 
outside of the known piping plover nesting areas.  Therefore, no direct impacts to nesting 
activity are expected.       
 
2.  USFWS Recommendation:  Development of contingency plans such that dredging 
operations can be quickly halted should incompatible material be encountered. 
 
Corps Response:  The Corps is currently developing a contingency plan in the event that 
incompatible material is encountered during nourishment events.  A detailed flow chart is 
being developed, as a component of this contingency plan, which will thoroughly 
describe the chain of command and the required actions to be taken if incompatible 
sediments are encountered.  The project delivery team (PDT), including state and Federal 
agency representation, will have input in defining incompatible sediment variables.    
This flow chart can be used by the PDT to guide each team member through the critical 
steps that need be taken, both internal and external, from the time an incompatibility 
variable is defined to the corrective action that needs to be taken.  The PDT will use this 
plan of action in order to make quick decisions and derive necessary responses that 
rectify compatibility concerns.  A contingency borrow area (borrow area C) containing 
approximately 2.5 million cubic yards of material has been identified to function as a 
secondary source of sediment given any situation throughout the 50-yr project where 
unsuitable material was encountered and relocation of the dredge to more suitable borrow 
areas was required.             
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3.  USFWS Recommendation:  Funding be directed toward developing procedures to 
better understand mole crab and coquina clam life history requirements and developing 
effective measures to mitigate adverse impacts to these important resources.  The 
NCWRC, NC Audubon Society, the NCCF, NOAA Fisheries, and the USFWS should be 
actively engaged in the planning process.  
 
Corps Response:  The EIS addresses beach nourishment impacts to the benthic 
invertebrate community and discusses a thorough literature review indicating short term 
impacts to benthic invertebrate populations with recovery occurring between 1-4 years 
depending on sediment compatibility.  For study sites where nourished sediments were 
compatible with the native beach, recovery occurred within 1-year.  Several Corps 
contracts addressing beach nourishment impacts to benthic invertebrate populations have 
recently been completed or are ongoing throughout the North Carolina beaches including 
Bogue Banks, Brunswick Beaches, and Dare County.  The data that that has come back 
from these studies continue to support the large historical database, which indicates an 
initial impact to the benthic invertebrate resource with recovery occurring immediately 
after nourishment when the sediment is compatible with the native beach.  Furthermore, 
the Dare County Beaches shore protection project has a significant monitoring plan, 
which includes a pre- and post-construction benthic invertebrate assessment.  
Considering the large historical monitoring database, the consistency of the data from 
these studies, and the continuing monitoring studies that are underway on other beach 
projects in North Carolina, the Corps does not plan to collect additional monitoring data 
for Topsail Beach. However, the Corps is encouraged by the Services recommendation to 
develop procedures to better understand benthic invertebrate life history requirements 
and the relationship these requirements have to beach activities, instead of additional 
monitoring studies.  Recently, as a mitigation condition of the 401 water quality 
certificate for the Morehead City 933 project, the Corps participated in funding a study 
performed by Philip S. Kemp Jr., of the Carteret Community College, to investigate the 
feasibility of harvesting, holding, and culturing Donax spp. for resource enhancement 
aquaculture.  The Corp will consider providing funds to continue this type of data 
collection in order to develop management guidelines and effective measures to mitigate 
identified impacts to these resources.  Such a funding action would be fully coordinated 
with all concerned agencies.           
 
4.  USFWS Recommendation:  Provide funding to assess the suitability of dredged 
material as nesting substrate for sea turtles and the potential effects those sediments have 
on the thermal environment experienced by sea turtle eggs during incubation.   
 
Corps Response:  The EIS addresses beach nourishment impacts to nesting substrate for 
sea turtles.  Based on the sediment compatibility analysis for the project, the Corps 
anticipates sediment that is compatible to the native material; thus, potential effects to the 
nesting environment of sea turtles are not of concern if the material is compatible.  
Considering that the Corps has a contingency plan and a designated contingency borrow 
source in place in case un-expected incompatible material is encountered, the potential 
for incompatible material to be placed on the beach and impact the nesting environment 
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is not likely.  However, the Corps has been working with the USFWS and the NCWRC 
on Bogue Banks to gather data on post nourishment turtle assessments (compaction, 
tilling, incubation temperature, etc.) and will consider providing funds to continue and 
expand these studies to derive management tools that would help establish a shoreline 
protection project that is conducive to nesting sea turtles.   
 
5.  USFWS Recommendation:  Provide funding so that we may assess post-nesting 
movements of female sea turtles in response to the deposition of sediment and sediment 
quality through the use of satellite telemetry.   
 
Corps Response:  As discussed in the EIS, compatible material placed on the beach is 
not expected to adversely effect the nesting environment and the subsequent nesting 
location of sea turtles on Topsail Beach.  However, the Corps is aware of the existing 
movement in the sea turtle community towards satellite telemetry to better understand the 
spatial fidelity of nesting sea turtles and their in-water behavior during remigration 
intervals.  A more comprehensive understanding of the nesting and post-nesting 
movements of sea turtles could help in developing more effective management strategies. 
The Corps is also aware of the collaborative effort, of which the NC Wildlife Resources 
Commission is partner, to place satellite transmitters on nesting sea turtles at Bald Head 
Island, North Carolina.  Understanding that the Corps’ navigation and shoreline 
protection missions may have an impact on turtles in North Carolina waters, having real 
time satellite transmitted data could help to better manage our program.  Though the 
Corps does not anticipate impacts to the nesting activities sea turtles within the proposed 
project area, the Corps is willing to consider providing funds to this satellite tagging 
effort in North Carolina in order to better understand nest fidelity of sea turtles and their 
in water behavioral aspects to develop better management strategies to reduce potential 
impacts to sea turtles during Corps projects.   
 
6.  USFWS Recommendation:  Continue monitoring of seabeach amaranth and beach 
vitex and provide the USFWS with these reports.   
 
Corps Response:  Since 1992 the Corps has been performing seabeach amaranth surveys 
and developing a database of plant densities and locations on Topsail Beach, North 
Carolina.  The Corps will consider providing funds to continue monitoring for seabeach 
amaranth and add to this existing database.  The Corps has worked with the Service in 
the past to build this database and will continue to work together to derive management 
guidelines from this data that help minimize impacts to seabeach amaranth during beach 
nourishment projects.  Considering the long-term database that the Corps has already 
collected and the potential for future data collection, the Corps suggests that this data be 
analyzed and used by the USFWS for the 5-year status review as mandated by the 
Endangered Species Act (ESA) in order to determine whether the current ESA listing 
status is appropriate or if reclassification (down-listing or de-listing) is warranted.  Also, 
understanding that beach vitex is a growing threat to the native species of the dune 
community, the Corps will work with the Service and the other agencies participating on 
the beach vitex project delivery team to gather and share information on beach vitex 
density and location throughout the survey area of our study sites.   
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11.03  Coordination of this Document  
 
This report is being provided to a standard list of Federal, State, and local agencies; elected 
officials; environmental groups; and interested individuals for a 45-day review and 
comment period.   
 
We invite your comments and suggestions regarding the proposed action.  In accordance 
with Council on Environmental Quality regulations (40 CFR 1500-1508) for implementing 
the National Environmental Policy Act (NEPA), your comments should be as specific as 
possible and should be made with recognition that NEPA documents must focus on the 
issues that are truly significant to the proposed action rather than amassing needless detail.  
The NEPA process is intended to help public officials make decisions based upon an 
understanding of environmental consequences.  NEPA directs that Federal activities be 
conducted so as to attain the widest range of beneficial uses of the environment without 
degradation, risk to health or safety, or other undesirable or unintended consequences.  As 
individual resources and stakeholder interests increasingly compete for priority, public 
officials are challenged to make management decisions that reflect a balance of the overall 
public interest.  Please respond with a focus on essential issues that will be useful in 
guiding our decisions and actions as this project proceeds.  
 
11.04 Recipients of this Document 
(or Notice of Availability) 
 
Federal Agencies 
 
Advisory Council on Historic Preservation 
Center for Disease Control and Prevention 
Federal Emergency Management Administration 
National Marine Fisheries Service, Southeastern Regional Office 
National Marine Fisheries Service, Habitat Conservation Division, Beaufort  
   Marine Fisheries Center, Beaufort, NC 
National Park Service, Southeast Archeological Center 
US Coast Guard, Fifth District, Portsmouth, Virginia 
US Coast Guard, Marine Safety Office, Wilmington, NC 
US Forest Service, Southern Region, Atlanta, GA 
US Department of Agriculture, State and Area Conservationists, Natural Resources 
Conservation Service 
US Department of Energy, Office of Environmental Compliance 
US Department of Interior, Energy and Resources Division 
US Department of Interior, Office of Environmental Policy and Compliance 
US Department of Interior, Minerals Management Service, Herndon, VA 
US Department of Housing and Urban Development, Greensboro, NC 
US Department of Transportation, Federal Highway Administration, Raleigh, NC 
US Environmental Protection Agency, Region 4, Atlanta, GA 
US Environmental Protection Agency, Office of Federal Activities, Washington, D. C. 
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US Fish and Wildlife Service, Raleigh Field Office 
US Marine Corps Base, Camp Lejeune, NC 
 
State Agencies 
 
NC Commission of Indian Affairs 
NC Department of Environment and Natural Resources (NC State Clearinghouse) 
NC Department of Transportation 
NC Division of Coastal Management 
NC Division of Marine Fisheries, Wilmington, NC 
NC Division of Marine Fisheries, Shellfish Sanitation, Beaufort, NC 
NC Department of Cultural Resources, Division of Archives and History 
NC National Estuarine Research Reserve 
NC Wildlife Resources Commission 
 
Local Agencies 
 
CAMA Officer, Surf City, NC 
CAMA, Topsail Beach, NC 
Cape Fear Council of Governments 
North Topsail Town Manager 
Pender County Emergency Management 
Pender County Manager 
Pender County Planning Coordinator 
Pender County Health Department 
Surf City Town Manager 
Town of Surf City 
Town of Topsail Beach, NC 
Topsail Beach Town Manager 
Sea Turtle Hospital, Topsail Beach 
 
Elected Officials 
 
Honorable Elizabeth Dole, US Senate 
Honorable Richard Burr, US Senate 
Honorable Walter B. Jones, US House of Representatives 
Honorable Mike McIntyre, U.S. House of Representatives 
Honorable Harry Brown, NC House of Representatives 
Honorable George G. Cleveland, NC House of Representatives 
Honorable Carolyn H. Justice, NC House of Representatives 
Honorable R. C. Soles, Jr., North Carolina Senate 
Honorable Russell E. Tucker, NC House of Representatives 
Honorable Thomas E. Wright, NC House of Representatives 
Pender County Board of Commissioners 
Onslow County Board of Commissioners 
Topsail Beach, Board of Commissioners 
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Conservation Groups 
 
National Audubon Society 
North Carolina Coastal Federation 
North Carolina Coastal Land Trust 
North Carolina Environmental Defense Fund 
North Carolina Nature Conservancy 
Pender Watch 
Tar River Land Conservancy 
 
Libraries, Museums, and News Media 
 
NC Collection, Joyner Library, East Carolina University, Greenville, NC 
Pender Chronicle 
 
Interested Businesses, Groups, and Individuals 
 
Cape Fear Community College (Jason Rogers) 
Duke University, Department of Department of Earth and Ocean Sciences( Geology), Dr. 
Orrin Pilkey 
Land Management Group, Inc. 
Mr. Ed Flynn 
Mr. Glenn Hargett 
South Carolina Indian Affairs Committee 
UNC-Wilmington, Center for Marine Science (Troy Alphin) 
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12.  CONCLUSIONS 
 
The coastal storm problems and needs of the study area have been reviewed and 
evaluated with regard to the overall public interest and with consideration of engineering, 
economic, environmental, social, and cultural concerns.  The conclusions of this study 
are as follows: 
 
 a. The Topsail Beach shoreline is susceptible to major damage and erosion from 

coastal storms.  
 
 b. The selected plan, consisting of a 26,200-foot long dune system to be 

constructed to a height of 12 feet NGVD fronted by a 7-foot NGVD (50-foot 
wide) beach berm with a main fill length of 23,200 feet, from approximately 
400 feet southwest of Godwin Avenue to the Topsail Beach town limit, and 
having 2,000-foot transition length on the north end and a 1,000-foot 
transition length on the south end, would substantially reduce economic losses 
due to storm activity and progressive erosion. 

 
 c. The selected plan is feasible based on engineering and economic criteria and 

is acceptable by environmental, cultural, and social laws and standards. 
 
 d. The selected plan is supported by the non-Federal sponsor, the Town of 

Topsail Beach.  The sponsor has the capability to provide the necessary non-
Federal requirements identified and described in report Section 9.02, Division 
of Plan Responsibilities. 

 
 
13.  RECOMMENDATIONS 
 
This study has addressed the needs for hurricane and storm damage protection and beach 
erosion control for the portion of Topsail Island, which includes the Town of Topsail 
Beach, the non-Federal sponsor.  The remaining portion of Topsail Island will be 
addressed in a separate report at a later date.   
 
Based on the conclusions of this study, I recommend the implementation of the selected 
plan, identified as Plan 1250X.  Plan 1250X consists of a 26,200-foot long dune system 
to be constructed to a height of 12 feet NGVD fronted by a 7-foot NGVD (50-foot wide) 
beach berm with a main fill length of 22,800 feet, from 400 feet southwest of Godwin 
Avenue to the Topsail Beach town limit, and having 2,000-foot transition length on the 
north end and a 1,000-foot transition length on the south end, with such modifications 
thereof as in the discretion of the Commander, USACE, may be advisable, at an initial 
construction cost estimated at $22,218,000 (October 2004 price levels).   The baseline 
cost estimate for construction in FY2011 is $24,193,000. 
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14.  POINT OF CONTACT 
 
Any comments or questions regarding this draft GRR and draft EIS should be addressed 
to Ms. Jan Brodmerkel, Project Manager, U.S. Army Corps of Engineers, Post Office 
Box 1890, Wilmington, North Carolina 28402-1890, telephone (910) 251-4763. 
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1.0 INTRODUCTION. 

The total economic impact area for Topsail Beach is significant in size. All of 
Topsail Island is important because of the transportation system. Residents and 
visitors must cross over one of two bridges over the Atlantic Intracoastal 
Waterway (AIWW) to gain access to the Town of Topsail Beach.  The first is a 
swing bridge that provides access near the center of Surf City and NC 
Highways 210 and 50.  The second is a high-rise bridge crossing the AIWW in 
the northern section of North Topsail Beach for NC Highway 210. The study 
area for hurricane and storm damage reduction, beach recreation use, and 
regional economic development (RED) are described in the sections below.  

1.01 Hurricane and Storm Damage Study Area. 
 
The town of Topsail Beach, North Carolina is subject to damages from 
hurricanes and storm related erosion. The study area was limited to the area 
approximately 500 feet from the shoreline. This area includes commercial and 
residential structures located on ocean front lots, as well as two or three rows 
beyond the shoreline. Streets, highways, and utilities are also included in the 
area threatened by flood, waves, storm erosion, and long-term erosion. The 
study area begins near New Topsail Inlet and covers a distance of about 4.5 
miles, going the full length of the town’s shoreline and ending near the Topsail 
Beach-Surf City town limits. The hurricane and storm damage study area is 
divided into “reaches” of approximately 1,000 feet as shown in Figure B-1.  

 

Figure B-1 Hurricane and Storm Damage Reduction Study Area 
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1.02 Recreation Day User Study Area 
 
Overnight visitors come from as far away as 3,000 miles; however, the 45 
counties listed in Table B-1 and shown in Figure B-2 were selected as being 
within a reasonable driving distance of Topsail Beach. The purpose of the 
survey of potential day users was to collect data that will show the frequency of 
visits and the total number of trips to Topsail Beach. It is expected that the 
analysis will show that persons from nearby counties will visit more frequently 
than persons from the more distant counties. 

Table B-1 - North Carolina Counties within Driving Distance of Topsail Beach, 
NC 

Anson Edgecombe Martin Robeson 
Beaufort Franklin Montgomery Sampson 
Bertie Granville Moore Scotland 
Bladen Greene Nash Stanly 
Brunswick Halifax New Hanover Vance 
Carteret Harnett Northampton Wake 
Chatham Hertford Onslow Warren 
Columbus Hoke Orange Washington 
Craven Johnston Pamlico Wayne 
Cumberland Jones Pender Wilson 
Duplin Lee Pitt  
Durham Lenoir Richmond  
    
 

 
Figure B-2 – Recreation Demand Study Area 

Topsail Beach, NC 
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The recreation demand and methodology recommended for the beach user 
benefit analysis are presented in Appendix O –Recreation. According to the U. S. 
Census the population of the forty-five-county area grew from 3,036,000 in 1990 
to 3,686,000 in 2000, an increase of more than 20 percent in the decade. 

1.03 Regional Economic Impact Area 
 
The local economic impact area includes all of Topsail Island and the nearby 
areas of both Pender County and Onslow County, North Carolina. Topsail 
Island includes not only Topsail Beach on the south end of the island but also 
Surf City and North Topsail Beach on the north end of Topsail Island. Highways 
50 and 210 connect the island to the mainland portion of the two counties. The 
boundaries of Pender and Onslow counties are shown in Figure B-2. 

 
 
2.0 EXISTING ECONOMIC CONDITIONS: 

2.01  Basic Economic Assumptions 
 
This study is in compliance with the evaluation procedures outlined in the Water 
Resource Council's Economic and Environmental Principles and Guidelines 
(P&G) for Water and Related Land Resources Implementation Studies, dated 10 
March 1983, and Corps of Engineers policy guidance on shore protection, ER 
1105-2-100, dated 22 April 2000. The following basic economic assumptions 
were used in the analysis of damages, benefits, and costs. 
 

  Interest rate. The FY 2005 Federal interest rate is 5.375 percent. 
    Price level. October 2004 price levels. 
    Period of Analysis. The analysis is based on a 50-year period. 
 

2.02  Demographics 
 
Demographics for the existing economic conditions for the two-county study area 
include census data for population, housing, and personal income, which are 
shown in Table B-2. The full-time resident population was estimated to be nearly 
500 in 2005. Estimates of peak season population vary. Topsail Beach 2004 
Draft Land Use Plan estimated a peak summer time population greater than 
7,000. 



-- B - 4 -- 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

Draft General Reevaluation Report and Draft Environmental Impact Statement 

Table B-2 - Population, Income, Housing Summary for 2000 
 
 Pender Onslow Town of 
 County County Topsail 

Beach 
Population year-round (2000 census) 41,082 150,355 471
Population peak season (Estimated) 7,252
 
Ave. Household size 2.49 2.72 1.87
 
Housing Units 20,798 55,726 1,149
Occupied year-round 16,054 48,122 252
Seasonal or vacant 4,744 7,604 897

In Labor Force 19,087 85,054 209
Civilian 18,972 52,670
Unemployed 1,076 3,650
Armed Forces 115 32,384

Employment by Leading 
Industry 

Construction 2,468 5,022
Manufacturing 2,632 2,682
Retail trade 2,367 7,496
Education, health & social services 2,704 10,865

Per capita & Household 
Income 

Per capita money income $17,882 $14,853 $35,838
Median Household Income 1999 $35,902 $33,756 $55,750
 
Source: U.S. Census Bureau (http://factfinder.census.gov) and U.S. Dept. of Commerce – 
Bureau of Economic Analysis (http://bea.doc.gov/bea)  
Estimated peak population from Topsail Beach 2004 Draft Land Use Plan 

2.03  Shoreline Ownership 
 
Public ownership of the shore in the town of Topsail Beach includes dedicated 
roads and lands below mean high water (MHW) owned by the State of North 
Carolina. Other parcels are owned by the Town of Topsail Beach, including the 
following:  Coastal Area Management Act (CAMA) public access points, ends of 
all roads, and six beach front parcels maintained for public use.  The primary 
ownership of the 363 oceanfront parcels is private, including one fishing pier. 
Other information related to ownership of the shoreline is contained in Appendix 
M - Real Estate. 
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2.04  Commercial and Recreational Fishing 
 
The North Carolina Division of Marine Fisheries (NCDMF) reported nearly 
600,000 pounds of commercial finfish and shellfish landings in the vicinity of New 
Topsail Inlet in both 2003 and 2004.  Significant shellfish landings included over 
200,000 pounds reported from Hampstead and over 100,000 pounds reported 
from Surf City in 2003. Finfish landings reported from Hampstead exceeded 
100,000 pounds in both 2003 and 2004. The commercial value of all finfish and 
shellfish landings reported in the vicinity of New Topsail Inlet was nearly 
$800,000 in both 2003 and 2004. 
 
Recreational fishing includes fishing from head boats, charter boats, private 
boats, piers, and the surf.  Fishing from head boats is best in the winter months 
for snapper and grouper. Fishing from charter boats is excellent for King 
mackerel and bottomfish during the winter. Offshore, gulfstream species, like 
yellowfin tuna and Wahoo are available. Inside fishing has been successful for 
inshore species such as red drum, speckled trout, and flounder. 
 
Private boat anglers can find bluefin tuna in the nearshore area, king mackerel 
and other bottomfish species in the offshore, and other species such as speckled 
trout, red drum, and flounder can be found in the inside areas of the creeks and 
Atlantic Intracoastal Waterway. NCDMF reports that shore fishing activity will be 
limited in this area. 
 

2.05  Development Added to Existing Condition 
 
The without project structure inventory assumes typical residential structures are 
built on the 30 suitable vacant first row lots and 127 second-row lots. Based on 
the established building patterns and the coastal North Carolina real estate 
market trends, it is expected that these structures will be built by 2011. 

The typical residential structure presently constructed on Topsail Island has the 
following characteristics: two-story, approximately 2,100 square feet of heated 
space, built on a piling foundation, and includes no more than a small enclosure 
on the ground level to provide a staircase or elevator for access. 

The value of these additional 157 structures is about $273,000 each, totaling 
approximately $42.8 million. This value is based on a typical residential structure 
of 2,100 square feet and a construction cost of $130.00 per square foot. It is also 
assumed that all these structures will meet building codes for piling depth and 
first-floor elevation.  This assumption is consistent with the 2004 Topsail Beach 
Land Use Plan, which states that the primary type of development over the next 
ten years will be residential, principally to in-fill on existing lots. 
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2.06 Storm Related Emergency Costs 
 
Information was collected from the officials of the town, Pender County, state, 
and federal sources following recent hurricanes and storms. This information 
indicates that preventable emergency costs would be approximately $87,000 
annually. 

Emergency costs prevented refer to expected annual expenditures that residents 
and governments are experiencing under the without project condition that a 
project would preclude.  Other damages prevented include storm damages that 
are not covered under the National Flood Insurance Program, but represent 
financial drains on public and private storm victims that could be prevented.  The 
items in this benefit category called emergency costs and other damages 
prevented include (1) beach scraping/pushing; (2) sandbagging: (3) emergency 
costs incurred by the North Carolina Department of Transportation; (4) damages 
to public property like water and electric utility distribution systems and public 
access walkways; (5) damages to private property other than structures and 
contents such as walkways, driveways, and cleanup costs; and, (6) post-storm 
recovery expenses and storm related expenses from increased police patrolling, 
inspections, and permits.  These categories are described in detail below: 
 

2.06.1 Beach Scraping/pushing 
 
Beach scraping/pushing refers to the practice of bull dozing a short dune or small 
berm in front of a residence or business so that it might offer some measure of 
protection from erosion.  These costs are based on a bulldozer and operator 
pushing sand during two or three low tides.  The practice requires a permit, and 
these records were used to help quantify these expenditures as project benefits.  
A large shore protection project would prevent the owners of the residence or 
business from incurring this expense. Figures B-3 and B-4 show scraping and 
pushing after hurricane Fran at Topsail Beach in 1996. 
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Figure B- 3 - Post storm Beach Scraping – Emergency Costs 

 

Figure B-4 - Beach scraping following Hurricane Fran 
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2.06.2 Sandbagging Structures  
 
Sandbagging structures is another emergency measure that has been fairly 
commonplace over recent years in this area. An example of sandbagging is 
shown in Figure B-5. This requires a permit that is only granted if the property is 
in eminent danger of being lost to erosion. 
 

 
Figure B-5 - Sandbags in place but threatened February 2005. 
 
 
 
2.06.3 NCDOT Emergency Costs 
 
Emergency costs incurred by the North Carolina Department of Transportation 
(NCDOT) represent the average costs to NCDOT for removing sand from the 
ocean front roads in the study area following the storms.  Bulldozers push the 
sand overwashed from the storms off the roads and deposit it between the ocean 
front structures.  From there, private home and business owners must pay to 
have the sand redistributed in front of their properties. 
 

2.06.4 Damage to Public Property 
 
Damages to public property include things like damages to the water and electric 
utility distribution systems, and public access walkways, bath houses, and 
parking lots.  Since traditional structural and content damage curves do not apply 
to these types of damages, this damage prevented category is based on 
interviews with public works officials concerning storm related damages that 
could have been prevented by a large shore protection project. 
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2.06.5 Damage to Other Private Property 
 
Damages to private property other than structures and contents include storm 
damages that are not covered under the National Flood Insurance Program.  
These include things like water damage to private walkways, driveways, steps, 
landscaping, automobiles, and private cleanup costs.  By preventing ocean 
overwashes, a large shore protection project would prevent a significant portion 
of these damages. 
 
2.06.6 Post Storm Recovery Costs 
 
Preventable post-storm recovery expenses are based on data from interviews 
with public officials regarding preventable debris removal costs incurred over the 
last five years of storms, and storm related expenses from increased police 
patrolling, inspections, and permits.   
 

2.07  Determination of Structure Values 
 
The value of residential structures is limited to replacement cost less 
depreciation. Replacement value is the maximum cost to the owner if a structure 
is destroyed. If a significantly depreciated structure is destroyed and replaced, 
the difference between the old and new value is a betterment where the 
additional cost is offset by the additional utility and comfort of the new 
construction. Other measures of property value include fair market value and the 
income producing value. These measures are not considered appropriate for 
National Economic Development benefits to protection of beach property. Fair 
market value is influenced by proximity to the ocean or sound, corresponding 
views of the beach and ocean, and short-term fluctuations in the local real estate 
market. Basing value on income can also produce significantly higher estimates. 
It is assumed that rental income lost to the owner will be transferred to some 
other owner in an alternate location. Therefore, the loss of income is considered 
a regional economic loss and not a loss to the National Economic Development 
account. 
 
2.07.1 Cost of Residential Construction. 
 
The average cost of residential construction on Topsail Island was determined 
according to the quality of initial construction. Three quality levels were discussed 
with local homebuilders. The economy level of quality was estimated to cost 
$90.00 per heated square foot. Average quality costs approximately $130.00 per 
square foot. Custom quality costs approximately $140.00 per square foot.  No 
structure was assigned a greater value regardless of the quality.  The square 
footage areas for most structures were available at the Pender County tax office. 
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2.07.2 Commercial Structure Values. 
 
Values for commercial structures were based on visual surveys and talking to 
some business managers and owners. Pender County tax data was also used for 
comparison. 
 
2.07.3 Value of Structures by Reach  

 
The value of structures within the hurricane and storm damage study area is 
estimated to be $159,402,000 with a total value, including contents, estimated at 
$219,180,000. The value of structures by reach is shown in Table B-3. The 
estimated value of residential and commercial contents is discussed in paragraph 
5.08.3 under the topic Variables Specific to Structure File. 
 
 
 
Table B-3 – Value of Structures by Reach 

 
 

Reach Structure Value Content 
Value 

Total Value Percent 
by 

Reach 
3 $      4,680,000 $   1,844,000 $   6,524,000 2.98% 
4 $      4,464,000 $   1,721,000 $   6,185,000 2.82% 
5 $      4,221,000 $   1,746,000 $   5,967,000 2.72% 
6 $      5,940,000 $   2,014,000 $   7,954,000 3.63% 
7 $      6,338,000 $   2,334,000 $   8,672,000 3.96% 
8 $      6,508,000 $   2,402,000 $   8,910,000 4.07% 
9 $      5,518,000 $   2,060,000 $   7,578,000 3.46% 
10 $      6,750,000 $   3,630,000 $ 10,380,000 4.74% 
11 $      6,947,000 $   2,647,000 $   9,594,000 4.38% 
12 $      6,635,000 $   2,480,000 $   9,115,000 4.16% 
13 $      6,847,000 $   2,566,000 $   9,413,000 4.29% 
14 $      6,296,000 $   2,317,000 $   8,613,000 3.93% 
15 $      5,840,000 $   2,218,000 $   8,058,000 3.68% 
16 $      6,981,000 $   2,590,000 $   9,571,000 4.37% 
17 $      7,263,000 $   2,676,000 $   9,939,000 4.53% 
18 $      8,031,000 $   2,765,000 $ 10,796,000 4.93% 
19 $    10,885,000 $   3,989,000 $ 14,874,000 6.79% 
20 $      7,374,000 $   2,639,000 $ 10,013,000 4.57% 
21 $      8,050,000 $   2,991,000 $ 11,041,000 5.04% 
22 $      7,959,000 $   2,846,000 $ 10,805,000 4.93% 
23 $      9,491,000 $   3,404,000 $ 12,895,000 5.88% 
24 $      6,216,000 $   2,121,000 $   8,337,000 3.80% 
25 $      6,203,000 $   2,307,000 $   8,510,000 3.88% 
26 $      3,966,000 $   1,470,000 $   5,436,000 2.48% 

Total $159,402,000 $59,777,000 $219,180,000 100.00% 
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2.07.4 Value of Structures by Type 
 
When the 27 road segments (Type 64) are excluded, there are a total of 763 
structures in the structure damage database. There are 19 structure types, 
including roads, in the study area; however, only four structure types (Types 55, 
56, 59, and 60) equal or exceed 10 percent of the total value. Single story 
residences on pilings with small or no enclosure (Type 55), account for 113 
structures and 10.07 percent of the total inventory value. Two-story residences 
on pilings with small or no enclosure (Type 56), account for 287 structures and 
44.86 percent, including the 157 structures assumed to be added by 2011. 
Figure B-6 shows four newly constructed type 56 structures. Types 59 (1-story) 
and 60 (2-story), on pilings with partial to full enclosures, account for 160 
(16.07%) and 86 structures (15.42%) respectively. 
 
Descriptions of the four predominant structure types follow in Table B-4. For the 
complete set of structure type definitions see attachment B-1. The value of 
structures in the study area is presented in Table B-5 by structure type. Table B-
5 shows both the value and number of structures in each type 
 
 
 
 
 
Table B-4 – Description of Four Significant Structure Types 
 
Structure 

Type 
Description of Significant Structure Types Percent of Total 

Value 
55 Residential – 1-story, raised on pilings, small or 

no enclosure 
10.07 % 

56 Residential – 2-story, raised on pilings, small or 
no enclosure 

44.86 % 

59 Residential - 1-story, raised on pilings – partial 
to full enclosure 

16.07 % 

60 Residential – 2-story, raised on pilings, partial 
to full enclosure 

15.42 % 
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Figure B- 6 - Four typical new structures (all Type 56) built in 2004 on 

Topsail Island, NC 
 

 
 
Figure B- 7 - Ocean front hotel at Topsail Beach aerial view following 

Hurricane Bonnie 1998. Note dune scraping following emergency. 
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Table B-5 – Value of Structures by Type 
 

     Structure  Content Average Percent Total
Struc/Units Type  Value  Value Each Structure Value 

27 1  $       2,458,000  $             983,000   $       127,444  1.57%
44 2  $       7,989,000  $          3,196,000   $       254,205  5.10%
1 4  $           80,000   $               32,000   $       112,000  0.05%
1 13  $           15,000   $                 6,000   $         21,000  0.01%
11 16  $       2,167,000  $          1,944,000   $       373,727  1.88%
1 20  $          300,000  $             120,000   $       420,000  0.19%
1 21  $           50,000   $               20,000   $         70,000  0.03%
2 24  $           34,000   $               14,000   $         24,000  0.02%
8 33  $       2,635,000  $          1,171,000   $       475,750  1.74%
1 38  $          367,000  $             147,000   $       514,000  0.23%
1 41  $          150,000  $               60,000   $       210,000  0.10%
6 45  $           88,000   $               35,000   $         20,500  0.06%
1 53  $          104,000  $               42,000   $       146,000  0.07%

113 55  $     15,760,000  $          6,304,000   $       195,257  10.07%
287 56  $     73,300,000  $         25,024,000  $       342,592  44.86%

7 57  $       1,460,000  $             584,000   $       292,000  0.93%
160 59  $     25,158,000  $         10,063,000  $       220,131  16.07%
86 60  $     24,141,000  $          9,656,000   $       392,988  15.42%
5 61  $          941,000  $             376,000   $       263,400  0.60%
27 64  $       2,205,000  $                      -     $         81,667  1.01%

790 Total  $   159,402,000  $         59,777,000   100.00%
 

 

2.08  Land Values 
 
Land values in all North Carolina coastal counties are escalating in general due 
to increased population growth in the U.S. coastal regions. Lot sales in the 
Topsail Island portions of Pender and Onslow counties are designated as ocean 
front, second row, and interior lots. To prevent the influence of water view or 
proximity to the ocean overriding the value, only the interior lot values are used in 
the analysis. Following hurricane Ophelia in 2005, the town requested approval 
from FEMA to haul in approximately 22,000 cubic yards (29,000 tons) of sand to 
distribute over 7,000 linear feet of beach. This is not considered a long term 
solution or effective measure against long term erosion or hurricane and storm 
damage. Therefore, it is not practical to equate the cost of fill to the land value 
lost due to long term erosion. A summary of values for ocean front lots, second 
row lots, and interior lots is presented below. 
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2.08.1  Ocean front lots 
 
Ocean front lots are higher in risk for storm damage and erosion but continue to 
be highly desirable. Two oceanfront lots sold for prices between $29.00 and 
$32.00 per square foot. These values were not used in the land loss estimates. 
 
2.08.2  Second row lots 
 
Only seven second row lots were sold in Topsail Beach during 2003 and 2004. 
The average value per square foot based on lots sold was $20.75. 
 
2.08.3  Interior lots 
 
The value and desirability of interior lots vary greatly; however, values based on 
sold prices, continue to increase. Higher interior lot values may be due to the 
limited number of all vacant lots in Topsail Beach and the fact that interior lots 
are less susceptible to storm and erosion damages. This data supports the 
estimated value of $25.00 per square foot, October 2004 prices. Interior lot 
values are used to estimate the losses to land caused by long-term erosion. 
Sales data for interior lots is shown in Figure B-8. 
 

 
Figure B- 8 - Interior Lot Sales in Dollars per Square Foot 

Topsail Beach Interior Lot Sales thru May 2004
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3.0 FUTURE ECONOMIC CONDITIONS (WITHOUT 
PROJECT) 

3.01 Projected Population Growth 
 
Projected population growth for Pender and Onslow counties are found at the 
North Carolina State Demographer’s website.  Figure B-9 shows both historical 
population from 1920 to 2000 and population projections for Pender and Onslow 
counties through 2029. Since all suitable lots are expected to be developed by 
the base year 2011, no additional growth in the number of residential or 
commercial structures is projected for the analysis. The assumptions used for 
structure replacement could result in fewer structures if storms destroyed a 
structure following its earlier replacement. 
 
According to the North Carolina demographics office, the population of this 45-
county recreation day user demand area is expected to reach 4.3 million in 2010, 
5.0 million in 2020, and over 5.6 million in 2029. Therefore it is reasonable to 
expect recreation visitation at Topsail Beach to increase over the next 25 to 50 
years. Projected seasonal peak population for Topsail Beach is estimated to 
reach 8,300 in 2005 and 9,350 in 2010 based on the draft Topsail Beach 2004 
Land Use Plan. 

 
Figure B- 9 – Population Growth - Pender and Onslow Counties Actual 

1920-2000 and Projected to-2029 
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3.02  Assumed Conditions at beginning of Period of Analysis Without 
Project Condition 
 
The period of analysis begins when the project improvement is in place and the 
benefits to the public begin to accrue. It is assumed that this condition could 
occur by FY2011. All suitable vacant lots are expected to be developed by the 
base year in 2011; however, no additional growth in the number of residential or 
commercial structures is projected during the period of analysis. For the buildable 
lots to be developed by the base year 2011, an average of about 26 residential 
structures in the study area would be required per year. An analysis of building 
permits from January 2003 to October 2005 show that 92 single family structures 
were built and 1 multi-family structure for an average of 32 new structures per 
year not counting the multi-family units. North Carolina CAMA regulations 
preclude replacement of a structure only after the lot is deemed unbuildable 
when set back restrictions dictate that structures cannot be put back on the lot.  
15A NCAC 07H .2501 allows for a great deal of latitude for meeting rebuilding 
criteria following damages due to hurricanes or tropical storms.  Issuing 
emergency permits for rebuilding on lots meeting a minimal setback restriction is 
generally the rule, not the exception in North Carolina.  Common practice and 
historical evidence allow for rebuilding structures lost in storms provided setback 
restrictions are met. However, the analysis presented in this report limits the 
number of replacements to one.  After long-term erosion has claimed more 
distance on the oceanfront lot than the building requires to be put back, our storm 
damage model ceases to reinstate the same property. This assumption will 
prevent the overestimation of the without project hurricane and storm damages. 
 

3.03  Assumed Replacement of Residential Structures During Period of 
Analysis 
 
It is assumed that all structures replaced in the study area as a result of 
hurricane and storm erosion damages will be similar to the existing distribution of 
residential and commercial use.   
 
It is assumed that residential structures removed by long-term erosion will not be 
replaced during the 50-year period of analysis. Likewise, it is assumed that 
residential structures destroyed by wave, flood, or storm erosion will be replaced 
in the economic damage model (GRANDUC) by a residential structure that 
meets the following building codes and standards in place by flood plain 
regulations.  This includes a setback requirement of at least sixty feet from the 
established line of vegetation.  A minimum lot depth of 100 feet is required to 
replace a structure. Because of uncertainty, a structure can be replaced only 
once in GRANDUC during the period of analysis. Replacement residential 
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structures are assumed to have only parking, storage, and normal provision for 
access on the ground level. The first living floor will be elevated on pilings, well 
above the Base Flood Elevation or high enough to accommodate under-house 
parking, whichever is greater. Pilings for all first row replacement structures will 
be 16 feet below grade or 5 feet below mean sea level. These replacement 
structures are assumed to have the same characteristics as the typical house 
now being built on vacant lots (Figure B-6). 

3.04  Assumed Replacement of Commercial Structures During Period of 
Analysis 
 
Commercial structures that are replaced in the economic damage model during 
the period of analysis will be identical to the structure destroyed except for the 
first floor elevation.  The first floor elevation of commercial structures will be set 
at ten feet above “ground” (on-grade) elevation. This assumption incorporates 
the enforcement of the damage reduction regulations including flood plain 
management and building codes now in force. When taken out, structure types 5-
54 (flood damage curve numbers) are assumed to be replaced by the same type 
with the same value.  These types include apartments (type 5), hotels (type 27), 
and motels (type 33), Condominiums are assigned to one of these three types.  It 
is assumed that commercial or multi-family zoning will remain the same for the 
replacement structures. 

3.05  Summary of Future Without Project Economic Conditions 
 
In summary, the future economic conditions are assumed to have the same 
distribution of residential use and commercial development as the existing 
condition. Structures that are significantly damaged or destroyed are assumed to 
be replaced by more damage-resistant structures of the same type but replaced 
no more than one time. All structures not damaged or destroyed are assumed to 
remain without any modification. No “teardowns” are built into the analysis where 
older structures are assumed to be torn down/demolished and replaced by more 
expensive units based on investment speculation related to the high demand for 
coastal real estate. 
 

4.0 HURRICANE AND STORM DAMAGES WITHOUT 
PROJECT 

The accumulated present value of hurricane and storm damages over the 50-
year period of analysis without a damage reduction project totals $135,347,000 in 
October 2004 price levels. These damages are shown by damage category and 
reach segment in Table B-6. Average annual damages (average annual 
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equivalent amounts, 50-yrs, 5.375%) are calculated by using the 50-year interest 
and amortization factor as shown in Table B-7. 

4.01 Damage Categories Defined 
 
Figure B- 10 graphically shows the impact of tides, storm surge, and wave action 
during minimal and major hurricanes. (USACE, Mobile District, 1999). The 
present value of damages in each of the four damage categories is presented in 
Table B-6 and in Figure B-12. Hurricane and storm damages are calculated 
under with and without project conditions for damages to structures and contents, 
roadways, and land lost due to long-term erosion. 
 
In many cases damages are calculated for more than one category since storms 
frequently generate flood inundation, waves, and storm erosion simultaneously. 
The damage model, GRANDUC, calculates damages in all the appropriate 
categories and selects the category with the greatest damage and ignores the 
other damages. This technique prevents the overestimation or double counting of 
damages. 

 
Figure B-10 – Hurricane Surge and Wave Impacts 

 Storm Surge in Minimal and Major Hurricanes   

 
In a Category I Hurric ane, the storm surge will usually cause damage to beach dunes and 
structures placed on the seaward side of the dune line.  
  

 
In a Category III Hurricane, the combined wave attack and storm surge erodes the dunes, 
exposing coastal structures to the most dam aging effects of the surge.  Although his wind 
speeds only placed Georges in Category II, the storm surge estimates were in line with  
Category III.   
  
Courtesy of Escambia County Department of Public Safety.   
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4.01_Damage Categories Defined (continued) 
 
4.01.1  Storm Erosion 
 
Storm erosion damages result from the undermining of structure pilings and 
foundations due to hurricane and tropical storms. Damages due to storm induced 
erosion are the major damages that are generally computed by the economic 
damage model.  The first element in determining the potential impact of storm 
induced erosion on the amount of damage to a coastal structure is how much of 
the protective beach (either existing or projected) remains in front of and under 
the structure during the storm.  If the storm induced erosion only reaches the 
front of the building, damage due to storm erosion is assumed to be zero and any 
damage to the structure would be that caused by either wave impact or 
inundation. 
 
Earlier analyses for previous hurricane and storm damage studies along the 
coast of North Carolina, predicted that once the 0.5 foot point of erosion reaches 
the mid-point of the buildings supported on piles, all protective measures fronting 
the building have been removed exposing the building to the full brunt of the 
storm including direct wave impact and inundation.  Due to the nature of the 
results obtained from the numerical storm erosion model (SBEACH), the 
landward extent of the impact of the storm erosion has been interpreted as the 
landwardmost point where the storm profile is 0.5 foot below the pre-storm 
profile.  This particular standard for storm induced erosion or zone of influence 
was established by the developers of the SBEACH (Coastal & Hydraulics 
Laboratory formerly the Coastal Engineering Research Center) when the model 
was applied to the formulation of the storm damage reduction project for Panama 
City Beach, Florida. 
 
The analysis of Topsail Beach is founded on using an erosion indicator of 2.0 
feet for both the with and without project beach profiles. The 0.5 foot erosion 
indicator is used rarely and only for structures with slab foundations or roadbeds. 
 
While the vertical scour around the ocean front piles may not cause the building 
to collapse, the open exposure caused by the storm induced erosion and 
lowering of the beach fronting the building is judged to be sufficient to result in 
complete loss of the economic value of the building even though the building may 
be left standing.  The loss of the economic value of the building may come from 
the inability of the owner to reestablish a useable sewer system or obtain potable 
water.  In these cases, the building will eventually have to be torn down.  The 
damage associated with this condition has been broadly termed erosion damage, 
however, as demonstrated by the explanation provided above, the cause of the 
damage is not limited to erosion, rather it is due to the conditions created by the 
erosion that exposes the building to the maximum forces of the storm.  A typical 
new structure on the ocean front is required to be built with piling depths 16 feet 
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below the surface of the ground or 5 feet below mean sea level whichever is a 
greater depth.  Oceanfront structures built prior to 1986 are assumed to have 
piling depths of 8 feet below the ground.  The storm damage structure inventory 
includes 403 homes on short pilings (8-foot depth), 98 homes on long pilings (16-
foot depth or –5 feet m.s.l.), and 71 homes on concrete slab foundations. 
 
4.01.2 Flood 
 
Flood damages are caused by inundation related to rises in tide and storm surge. 
Damages begin when flooding and overwash reaches the structure or enclosure. 
 
4.01.3 Wave 
 
Wave damages result from waves over and above the storm surge making 
contact with the structures. Waves impacting the structure three feet or more 
above the first living area elevation are expected to result in total loss of the 
structure. Figure B-10 illustrates the effect of both flood from storm surge and 
waves. 
 

4.01.4 Land lost or Long Term Erosion (LTE) 
 

Land losses result from long-term erosion based on the analysis of historical 
erosion including rises in sea level.  Land lost to long-term erosion is computed 
by multiplying the expected annual loss of land in acres by the value of 
nearshore interior lots. Fill material was also considered to reduce land losses 
due to long-term erosion. However, in the formulation of alternative plans, no 
suitable upland borrow sites were identified. Therefore, the cost of fill is not 
considered a practical limiting factor or substitute for the value of interior lots in 
the calculation of land lost or long term erosion.  
 
 
4.01.5 Summary of Damages 
 
Examples of hurricane and storm erosion damage at Topsail Beach are shown in 
Figure B-11. The present value of hurricane and storm damages by damage 
category and reach is shown in table B-6 and figure B-12 for the without project 
condition. 
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Figure B-11 - Hurricane and storm damage after Hurricane Fran 1996 
 
Table B-6 – Present Value of Hurricane and Storm Damages (Without Project) 

 
 
 

Reach Total Damage Storm Erosion Flood Wave Land/LTE Costs
3.1 569,393$                     44,952$            73,377$            73$                   450,991$          -$      -$        
3.2 1,517,182$                  630,490$          85,457$            11,986$            789,249$          -$      -$        

4 4,280,756$                  2,353,799$       61,770$            667,713$          1,197,474$       -$      -$        
5 6,655,282$                  4,304,166$       90,095$            766,321$          1,494,700$       -$      -$        
6 11,803,043$                9,253,681$       31,824$            524,078$          1,993,460$       -$      -$        
7 11,017,895$                8,322,399$       106,573$          698,951$          1,889,972$       -$      -$        
8 9,890,746$                  7,540,247$       73,541$            531,262$          1,745,697$       -$      -$        
9 7,827,630$                  5,233,082$       74,807$            604,284$          1,915,457$       -$      -$        

10 9,822,785$                  7,700,535$       142,048$          954,545$          1,025,657$       -$      -$        
11 3,337,133$                  2,693,138$       49,988$            129,676$          464,331$          -$      -$        
12 2,854,310$                  2,133,230$       362,647$          130,341$          228,093$          -$      -$        
13 2,078,088$                  1,877,848$       102,194$          2,340$              95,706$            -$      -$        
14 2,372,528$                  2,127,615$       152,289$          1,204$              91,421$            -$      -$        
15 4,445,825$                  4,126,055$       195,198$          27,756$            96,816$            -$      -$        
16 5,407,913$                  5,239,865$       70,789$            2,808$              94,451$            -$      -$        
17 2,575,409$                  2,472,534$       10,852$            -$                 92,023$            -$      -$        
18 2,883,634$                  2,731,536$       51,815$            7,463$              92,820$            -$      -$        
19 9,359,693$                  9,141,697$       81,505$            8,030$              128,461$          -$      -$        
20 10,177,201$                10,048,958$     246$                 -$                 127,997$          -$      -$        
21 3,820,287$                  3,406,403$       314,889$          5,665$              93,330$            -$      -$        
22 4,828,154$                  4,720,514$       17,083$            -$                 90,557$            -$      -$        
23 4,813,482$                  4,680,491$       29,764$            9,228$              93,999$            -$      -$        
24 5,183,595$                  5,068,048$       4,978$              6,560$              104,009$          -$      -$        
25 4,136,783$                  3,878,444$       85,752$            70,482$            102,105$          -$      -$        
26 3,688,384$                  3,456,322$      13,345$           53,684$           165,033$          -$      -$       

Totals 135,347,131$              113,186,049$   2,282,826$       5,214,450$       14,663,809$     -$      -$        

50-yrs.@ 5 - 3/8 % Oct 04 price level



-- B - 22 -- 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

Draft General Reevaluation Report and Draft Environmental Impact Statement 

 

 
Figure B- 12 - Present Value of Hurricane and Storm Damages by Damage 

Category – Without Project Condition 
 
Table B-7 – Average Annual Hurricane and Storm Damages (Without Project) 
 

Reach Total 
Damages 

Storm 
Erosion 

Flood Wave Land/LTE 

 
3-26 

 
$7,727,600  

 
$6,523,500 

  
$123,200  

 
$302,600 

  
$778,300 

 
 

 
5.0. ECONOMIC VARIABLES, ASSUMPTIONS, AND 
METHODOLOGY APPLIED IN HURRICANE AND STORM 
DAMAGE MODEL (GRANDUC) 

In the Wilmington District Coastal Hurricane and Damage Model the economic 
input includes a set of general global data that applies to the entire analysis, the 
estimated base year when damage reduction measures could be in place, flood 
damage curves, erosion damage curves, miscellaneous benefits to be included, 
and the variable inputs for each structure in the structure inventory data base or 
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structure file. More information on the General Risk and Uncertainty – Coastal 
model (GRANDUC) is presented in Appendix D Coastal Engineering. 

5.01  General Global Data 
 
Based on the general economic assumptions, the global values are as follows: 

 Interest Rate –5- 3/8 percent. 

 Price Level – October 2004 price level. 

 Economic Period of Analysis – 50 years beyond the base 
year. 

 Wave damage assumption – waves three feet above the 
first floor elevation will result in the total loss of the 
structure.  

 

5.02  Base Year 
 
The Base Year is defined as the first year hurricane and storm damage reduction 
measures could be in effect. It is expected that damage reduction measures 
could be implemented by 2011. 
 

5.03  Interior Lot Value per Square Foot 
 
Long term erosion damages or land losses are based on the estimated value of 
interior lots. The data on lots actually sold support a value of $25.00 per square 
foot at the October 2004 price level. 
 

5.04  Initial Benefits 
 
The economic damage model (GRANDUC) allows the entry of initial benefits – 
such as “Benefits during Construction.” Even though winter storms and erosion 
can occur during the construction period, benefits to hurricane and storm 
damage reduction, as well as recreation, are expected to be negligible. 
Therefore, no initial benefits were included in the analysis. 
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5.05  Other Annual Benefits 
 
GRANDUC also allows for the addition of other type of NED benefits – such as 
“Recreation.” The final determination of recreation benefits was not completed in 
time to include in the model runs. The recreation benefits will be added external 
to the GRANDUC model calculation. No other “Annual Benefits” for recreation 
were added to the GRANDUC model. This also supports the formulation of the 
NED Plan using hurricane and storm damage reduction benefits alone. 
  

5.06  Flood Damage Curves 
 
Flood damages due to inundation are determined by the combined height of the 
storm still water level and a superimposed wave height.  Based on the elevation 
of this combined height and the elevation of the structures first floor, the amount 
of inundation damage is determined from a standard set of inundation damage 
curves.  Unless the predicted amount of storm induced erosion is sufficient to 
completely erode the ocean front dune, the residual height of the seaward edge 
of the beach is generally sufficient to limit the height of the wave that could be 
transmitted across the beach face without breaking.  Accordingly, since the 
conditions necessary to cause a prediction of significant inundation related 
damages is rather severe, damages due to the inundation (combined storm still 
water level and wave height) rarely controls. 
 
 

5.07  Erosion Damage Curves 

 
Based on the significant number of first row structures, sample erosion curves 
are shown by structure type in Figures 13, 14, 15, and 16. A complete set of 
erosion types and associated erosion curves are found in attachment B-2 to this 
appendix. The erosion-damage curves used for this analysis are compilations of 
curves assigned for each part of the structure. The enclosure is given a value of 
40 percent of the entire structure and the rest of the structure is given a value of 
60 percent of the entire structure value.  These percentages were then used to 
weight the damage curves for the home and the enclosure and derive a 
composite damage curve. 
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Figures -13, 14, 15, and 16 Composite Erosion Damage Curves 
 

5.08  Variables Specific to Structure File 
 
Table B- 8 - Sample Structure File  
 

 
 
The structure file shown in Table B-8 describes the value of each structure, the 
horizontal and vertical location of the structure within the coastal damage 
model, and specifies which flood damage curve and erosion damage curve is 
appropriate for the structure. As illustrated in Figure B-17, the lot distance (Col. 
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3) and structure distance (Col. 6) are measured from a “Reference Line” 
established in the coastal storm generation models and incorporated into the 
GRANDUC model. The structure length (Col. 7) defines the structure footprint 
used in the storm erosion estimates. 

 

 
 

Figure B-17 Illustrations of Structure and Lot Distances Entered into 
GRANDUC model. 
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5.08.1  Structure Type – flood damage curve 
 
Structure type denotes the flood damage curve that is to be used with this 
sturucture. A description of all structure  types, both residential and commercial 
are attached to this appendix, Attachment B-1. Determination of Residential 
structure values and structure types for selected residential structures was 
completed by HDR Engineering, Inc. of the Carolinas. Descriptions included the 
number of levels (1,1.5, or 2 story), type of foundation (P=on pilings, N=not on 
pilings), if piling foundation what is the size of enclosure (S=small <300SF; 
P=partial >300SF; F=full; or N=none). The contractor evaluated approximately 
135 residential structures and 30 commercial structures in the study area. 
Commercial business types include hotels, motels, garages, etc. A complete list 
of the commercial and residential business types used is found in Attachment B-
1 to this appendix. 
 
5.08.2  Structure Value 
 
Structure values are entered in dollars based on the replacement cost less 
depreciation. The HRD contractor also made determinations of commercial 
structure values and description of the business type. HDR Engineering, Inc. of 
the Carolinas evaluated approximately 30 commercial structures in the study 
area. Structure values represent the replacement value less depreciation at the 
current price levels. The contractor consulted with local real estate agents, 
appraisers, business owners, and building contractors as needed. While some 
information on structures was obtained from the Pender County tax office; 
replacement costs are based on site-specific building cost for Topsail Island. 

5.08.3  Content Value 
 
Contents to residential structures include personal possessions, including 
furniture, clothing, dishes, cooking utensils, linens, jewelry, stereo equipment, 
etc. For homeowners’ insurance coverage, the standard coverage for contents 
is 50 percent of the dwelling coverage.  For beach communities like Topsail 
Beach, Surf City, and North Topsail Beach, the estimated value of contents of 
an average residential structures would be less than 50 percent of the value of 
the structure.  The main factor in this conclusion is that nearly 80 percent of the 
structures are not owner-occupied year round.  Many of the seasonal 80 
percent are rented to vacationers during the spring and summer beach season. 
Contents include beds, furniture, reclining chairs, color cable televisions, VCR’s 
and DVD players, microwave ovens, clothes washers and dryers, and 
telephones.  Built-in appliances are included in the value of the structure. 
Contents for residential structures are estimated to be 40 percent of the 
structure value. This percentage is consistent with a detailed Residential Flood 
Damage survey taken in the Northern Gulf Coast (USACE, Mobile District, 
1999). This area is similar to Topsail Island and is primarily single-family 
residential structures.  Based on the 1999 survey, content damage was 



-- B - 28 -- 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

Draft General Reevaluation Report and Draft Environmental Impact Statement 

reported in 81 of 192 cases, with a mean content-to-structure damage of about 
35 percent. 

Estimates of values of contents of commercial structures in the primary study 
area are based on interviews with businessmen and insurance agents familiar 
with the Topsail Island oceanfront, as well as empirical data collected for past 
studies.  Businesses are entered into the damage model with a code for type of 
commercial activity.  Each type of business has a unique content factor applied 
to its structural values. Motels comprise most of the commercial base in the 
primary study area and these use 50 percent of the structural value for content 
value.  After weighing responses from motel managers and insurance agents in 
the study area, this is considered appropriate. It is also consistent with the 
commercial content data that originally came from a Galveston District study 
but were updated by the Wilmington District to reflect North Carolina beach 
data. 

5.08.4  Elevation at ground 
 
Elevations were established by surveys and in some cases were estimated from 
2-foot contour maps. The Wilmington District contracted with the engineering and 
surveying firm of Greenhorne & O'Mara, Inc. to perform survey work on Topsail 
Island. The field surveys were completed during the week of May 19-23, 2003. 
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Figure B- 18 - Illustration of Residential Structure Elevations 
 
5.08.5  Elevation at First Floor 
 
First-floor elevations were normally surveyed by the location of the front entry 
threshold as shown in Figure B-18. First floor elevations were surveyed under 
contract with the engineering and surveying firm Greenhorne & O'Mara, Inc.for 
the Topsail Beach study area. Data collected by North Carolina State University 
students for FEMA following hurricane Fran in 1996 were also compared and 
used for missing structures. In these cases the first floor elevation was adjusted 
by one foot to get the top of the floor joist versus the bottom of floor joist 
measured by NCSU. In a few cases first floor elevations were estimated by 
adding 10 or 12 feet to the ground elevations. Likewise, this assumption was 
used to indicate the first floor elevation of all structures replaced during the 
period of analysis. 

 
5.08.6  Erosion Type 
 

The erosion type in the structure file directs which erosion curve is used to 
calculate storm erosion damages. Variables include type of foundation, depth of 
piling penetration, type of shoreline (see Figure B-19), and the size of any 
enclosures around the piling foundation. The type of foundation on Topsail 
Island is mostly residential built on pilings. Most commercial and some 
residential structures are built on a slab foundation. 
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The historical effects of long-term and storm related erosion on oceanfront 
structures along the beaches of North Carolina are not well documented.  Very 
little data exists on how these structures react to storm forces of varying 
degrees of intensity.  This lack of data has lead to the designing of erosion-
damage curves comprised largely through professional judgment.  The state of 
the art of modeling these relationships is improving, however, following the 
hurricanes of 1996-1999 along the North Carolina coast.  Researchers like 
Spencer Rogers of North Carolina Sea Grant have begun collecting and 
analyzing data and publishing papers on this subject.  In his report, “Erosion 
Damage Thresholds in North Carolina,” Mr. Rogers derived storm induced 
damage curves based on observed changes over time in coastal construction in 
North Carolina (Attachment B-4). 

The curves used in this analysis are derived from these erosion-damage curves 
and are based on field data including the following structure characteristics: 

Oceanfront or not 
Number of stories 
On piles or not, long or short piles 
 Type of enclosure (none, finished, unfinished) 
Size of the under house enclosure (none, small, partial, fully 

enclosed) 
High or low existing dune (potential to undermine 1st row 

structures) see illustration in Figure B-19. 
Structure type (commercial or residential) 

 
For this analysis, these data were collected for every structure along the 
oceanfront and first row of development back from the oceanfront, along with 
their elevation and depreciated replacement value.  The following further 
describes the four-character coding scheme of structure types used for this 
study, which was originally developed by a North Carolina State University 
team of researchers including Mr. Rogers. Descriptions included the number of 
levels (1,1.5, or 2 story), type of foundation (P=on pilings, N=not on pilings), if 
piling foundation what is the size of enclosure (S=small <300SF; P=partial 
>300SF; F=full; or N=none) and the quality of the enclosure (F=finished, N-
unfinished, “blank”=unknown).   These codes are assigned upon field 
inspection of each structure and matched with both an appropriate erosion-
damage curve and an inundation-damage curve. The decision matrix used in 
the field is included in Attachment B-2.  
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Figure B-19 - Shoreline Types with High and Low Elevation 
 
 
5.08.7  Erosion Indicator 
 
An indicator of erosion is measured as the vertical distance between the pre-
storm and post-storm beach profile as shown in Figure B-20. The erosion 
damage curves are read based on how far the “erosion indicator” has proceeded 
through the structure footprint. In this analysis two erosion indicators were used. 
The most frequently used indicator is the 2-foot indicator. This indicator was 
chosen after consideration and interpretation of work by Spencer Rogers, North 
Carolina Sea Grant (Attachment B-4). For a limited number of structures built on 
concrete slab foundations and all street and roads, an erosion indicator of 0.5 
feet was used. The work by Spencer Rogers, North Carolina Sea Grant, also 
introduces the possible use of a 4-foot erosion indicator. While use of the 4-foot 
indicator is not considered appropriate for the beach profiles of Topsail Beach, 
alternative analyses were run and the results are summarized in the Summary of 
Sensitivity and Uncertainty that follows in table B-18 and Figure B-22. 
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Illustration of erosion indicator

 
 
Figure B-20 - Illustration of erosion Indicator 
 
The report “Erosion Damage Thresholds in North Carolina” by Spencer Rogers of 
the North Carolina Sea Grant is attached to this appendix as Attachment B-4. 
 
 
 
6.0. ALTERNATIVES TO REDUCE HURRICANE AND STORM 
DAMAGES 

Expected storm and erosion related damages are first computed for the without 
project condition, then again for the various plans of improvement over the entire 
4.5 miles of the primary study area. Structural, non-structural, and no action 
alternatives were considered. Structural plans include beach fill plans which have 
potential to prevent the progressive erosion of the shoreline, reduce damages 
caused by erosion, flooding, and wave impact during coastal storms, decrease 
storm related emergency expenditures, and increase the quality of recreational 
opportunities in the area. No action is also an alternative. However, the no action 
plan does not preclude emergency measures of dealing with erosion, such as 
beach scraping and sandbagging, but, in the long run, these emergency 
measures are assumed to be ineffective. 
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6.01  Structural Plans 
 
Structural alternatives evaluated included various combinations of berm and 
dune heights. For example, Plan 1150 includes a dune height of 11 feet and a 
berm width of 50 feet. Several plans, including plan 1550, were evaluated with 
the extension of the transition section on the south end of the plan. For example, 
plan designated as 1550X indicates that the plan includes an extended transition 
section. The final array of plans is shown in Table B- 9 below. 
 
The summary of the structural analysis is presented in Table B-9. All beach 
nourishment plans shown have positive net NED benefits; however, the plan with 
the greatest net NED benefits is Plan 1550.  The NED Plan is defined as the 
alternative that maximizes net NED benefits. Therefore, Plan 1550 is designated 
as the NED Plan. 
 
 
Table B-9 - Economic Comparisons, Average Annual Amounts 
 

October 2004 price levels; in Thousands of Dollars 
Benefits 

 
Plan Storm 

Erosion Flood Wave Land & Long 
Term Erosion

Reduced 
Emergency 

Costs 
Total 

Costs Net 
Benefits 

1150  $5,432   $(53)  $68  $850  $87  $6,383   $2,927   $3,456 
1150X  $5,437   $(54)  $68  $850  $87  $6,387   $2,943   $3,444 
1250  $5,633   $(55)  $69  $850  $87  $6,584   $3,013   $3,571 
1250X  $5,638   $(55)  $69  $850  $87  $6,588   $3,027   $3,561 
1350  $5,772   $(62)  $128  $850  $87  $6,775   $3,185   $3,590 
1350X  $5,781   $(63)  $128  $850  $87  $6,783   $3,204   $3,579 
1450  $5,984   $(69)  $150  $850  $87  $7,002   $3,321   $3,681 
1450X  $5,995   $(70)  $150  $850  $87  $7,012   $3,337   $3,675 
1550  $6,136   $(74)  $168  $850  $87  $7,168   $3,440   $3,728 
1550X  $6,149   $(76)  $168  $850  $87  $7,179   $3,463   $3,716 
1650  $6,250   $(75)  $189  $850  $87  $7,301   $3,574   $3,727 
1650X  $6,263   $(77)  $189  $850  $87  $7,312   $3,596   $3,716 
1750  $6,322   $(77)  $204  $849  $87  $7,385   $3,705   $3,680 

6.02  Non-structural Plans 
 
The non-structural plans consist of retreats, relocations, and demolitions applied 
to threatened structures on an individual case-by-case basis. However, none of 
the non-structural plans were found to be feasible. Figure B-21 shows one of the 
rare non-structural projects involving the raising of a structure. The non-structural 
analysis is presented in the main report and Appendix P. 
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Figure B- 21 Topsail Island home raised on piling foundation 2004. 
 
 
 
7.0 ECONOMICS OF NED PLAN (PLAN 1550) 

7.01  Economic Damages – remaining with plan 
 
A major consideration in evaluating any plan is the estimated damages remaining 
with the project plan. The accumulated present value of remaining damages for 
Plan 1550 is presented in Table B-10. A summary of average annual equivalent 
remaining damages is shown in Table B-11. 
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Table B-10 – Present Value of Remaining Damages with NED Plan 
 

Reach Total Damage Storm Erosion Flood Wave Land/LTE Costs 
3.1  $             92,545  $               14,538  $           78,007  $                  -    $            -     
3.2  $           344,919  $             241,449  $           99,418  $            4,052  $            -     
4  $        1,035,069  $             430,389  $         150,957  $        453,722  $            -     
5  $        1,464,888  $             830,522  $         170,092  $        464,274  $            -     
6  $           614,677  $             293,788  $         114,304  $        206,245  $          340   
7  $           681,300  $             230,855  $         239,276  $        210,336  $          833   
8  $           578,280  $             219,585  $         141,094  $        216,610  $          991   
9  $           503,231  $             119,950  $         173,702  $        209,304  $          275   

10  $           759,269  $             197,027  $         260,025  $        301,611  $          606   
11  $           423,511  $             252,651  $         119,991  $          50,869  $            -     
12  $           876,379  $             287,162  $         482,575  $        106,642  $            -     
13  $           179,542  $                    182  $         162,902  $          16,458  $            -     
14  $           332,076  $                    323  $         317,179  $          14,574  $            -     
15  $           307,396  $               77,258  $         216,937  $          13,201  $            -     
16  $           294,472  $             211,709  $           79,942  $            2,820  $            -     
17  $             31,244  $               17,636  $           12,349  $            1,258  $            -     
18  $             68,234  $                 6,427  $           61,792  $                 15  $            -     
19  $           547,740  $             466,328  $           81,015  $               397  $            -     
20  $           607,466  $             605,487  $             1,393  $               586  $            -     
21  $           337,317  $               15,432  $         321,885  $                  -    $            -     
22  $           140,144  $             124,408  $           15,636  $                 99  $            -     
23  $           893,034  $             851,377  $           37,242  $            4,415  $            -     
24  $           747,565  $             731,851  $             9,809  $            5,905  $            -     
25  $           723,267  $             620,064  $           97,891  $            5,312  $            -     
26  $           642,951  $             505,072  $         110,015  $          27,863  $            -      

Totals  $      13,226,516  $          7,351,470  $      3,555,428  $     2,316,568  $       3,045   $      -   
 
 
 
 
 
 
Table B-11 – Remaining Average Annual Hurricane and Storm Damages with 
Plan 1550 (NED Plan) 
 

Reach Total 
Damages 

Storm 
Erosion 

Flood Wave Land/LTE 

 
3-26  $      767,000   $     426,300   $     206,200   $ 134,300   $           200  
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7.02  Economic Benefits 
 
The primary benefits to the NED plan are the hurricane and storm damage 
reduction benefits. The total damage reduction benefits are computed by 
subtracting the remaining damages from the total without project damages. 
Hurricane and storm damage reduction benefits total $7,081,000 and are shown 
by type in Table B-12. 

7.02.1 Hurricane and Storm Damage Reduction Benefits 
 
Table B-12 – Average Annual Hurricane and Storm Damage Reduction Benefits 
with Plan 1550 (NED Plan) 
 

Reach Total 
Damage 

Reduction 
Benefits 

Storm 
Erosion 

Flood Wave Land/LTE 

 
3-26  $ 7,081,000   $6,136,000   $ (74,000)  $  168,000  $  850,000  

 
 
7.02.2 Reduced Emergency Costs Benefits 
 
Average annual emergency costs from hurricanes and storms are estimated to 
be $87,000, based on records from hurricanes Bertha, Fran, Bonnie, and Floyd. 
Emergency costs prevented refer to expected annual expenditures that residents 
and governments are experiencing under the without project condition that a 
project would preclude.  Other damages prevented include storm damages that 
are not covered under the National Flood Insurance Program, but represent 
financial drains on public and private storm victims that a large beach 
nourishment project could prevent.  The categories lumped into this benefit called 
emergency costs and other damages prevented include (1) beach 
scraping/pushing; (2) sandbagging: (3) emergency costs incurred by the North 
Carolina Department of Transportation; (4) damages to public property; (5) 
damages to private property other than structures and contents; and, (6) post-
storm recovery expenses. 
 
The expected annual totals of emergency costs and other damages that any of 
the beach fill plans would prevent for the entire 4.5 miles of beach are 
estimated at $87,000 for the town of Topsail Beach. 

7.02.3  Benefits During Construction 
 
Construction of NED Plan could begin following contract award 30 September 
2010. Allowing for environmental constraints, construction could begin in 
November 2010 and continue for approximately six months. Construction is 
assumed to be complete prior to 30 April 2011. This construction schedule would 
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provide full benefits from the project in 2011 (the base year).  The project would 
be expected to be complete prior to hurricane season and the peak recreation 
season. Therefore, benefits during construction are considered insignificant to 
the economic analysis and justification. 

 
7.02.4  Recreation Benefits 
 
Recreation benefits will be based on the incremental change in demand with 
varying project conditions. Positive benefits derived from increased recreation 
visitation or improved recreation experience. The recreation benefit analysis will 
be presented in Appendix – O. 

7.02.5  Commercial and Recreational Fishing Impacts: 
 

The economic impacts of the NED plan or other nourishment plans on 
commercial and recreational fishing during construction are not expected to be 
significant. Impacts on shore fishing would be limited to the area where material 
is being placed on the beach. This localized and temporary impact can easily be 
avoided by anglers in the area. Nearshore fishing boats can operate around the 
dredging equipment operating in the area. The beach nourishment plan is not 
expected to impact inside fishing or the operation of commercial fishing boats 
operating inside or going through New Topsail Inlet. Unless there is extreme 
weather, the ocean going dredge will operate continuously. Therefore, the 
economic impact of commercial and recreational fishing is not expected to 
change with the project construction.  
 
7.02.6 Summary of Benefits to NED Plan 
 

A summary of the hurricane and storm damage reduction benefits, emergency 
cost reduction benefits is shown in Table B-13. No benefits during construction 
were claimed primarily because the plan could be constructed during one 
dredging window and would be completed prior to hurricane and peak recreation 
season. 
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Table B-13 - Summary of Benefits to NED Plan 
 

Benefit Category Average Annual Amount in 
Dollars 

Hurricane & Storm Damage Reduction $7,080,600

Reduced Emergency Costs $87,000

Benefits during Construction Negligible / insignificant 

Recreation See Appendix O - Recreation 

Total Average Annual NED Benefits $7,167,600

 

7.03  Project Costs for NED Plan 
 
Project first costs include the cost of construction, mobilization and 
demobilization, real estate, planning and engineering studies, supervision and 
administration, and interest during the five or six month construction period. 

Determination of the economic costs of the plan consists of four basic steps.  
First, project First Costs are computed.  First Costs include expenditures for 
project design and initial construction and related costs of supervision and 
administration.  First Costs also include the lands, easements, and rights of way 
for initial project construction and periodic nourishment. 

7.03.1 First Costs 
 
Total First Costs are estimated to be $29,264,000 as presented in Appendix N 
Cost Engineering. 

7.03.2 Interest During Construction 
 
Construction could begin in November 2010 and be completed on or before 30 
April 2011. The interest on expenditures prior to the completion of the plan will be 
calculated at 5—3/8 percent interest. The expenditures by month, the cost of 
construction plus interest, and the net interest during construction (IDC) is shown 
in Table B-14. 
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Table B-14 Calculation of Interest during Construction for NED Plan 
 

 

Months Interest Factor @ 5  3/8 % 

 

Expenditures 

By Month 

 

Construction 
Plus Interest 

 

1 1.018037404 $7,955,667 $8,094,000 
2 1.013497779 $5,152,000  $5,220,000 
3 1.008978396 $5,152,000  $5,200,000 
4 1.004479167 $5,152,000  $5,170,000 
5 1 $5,852,333  $5,850,000 
 Totals with and without interest $29,264,000 $29,534,000

Interest 
During 

Construction 
 

Rounded  
$270,000

 

7.03.3 Total Investment Cost 
 
The total investment cost of the NED plan is equal to the initial construction plus 
interest during construction. Therefore, total investment cost is equal to 
$29,534,000 as shown in Table B-16. The cost of future nourishment is shown 
separately. 

 
7.03.4 Present Value of Future Nourishment Costs 
 
The accumulated present value of all nourishment cost is calculated by 
discounting all cash flows in future years back to the base year 2011 at the 
appropriate interest rate. The accumulated present worth of all future 
nourishment is $25,289,000 as shown in Table B-15. 
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Table B-15 – Present Value of Future Nourishment 
Construction Events Year Cost in 2004 

Dollars 
Years
From
Base 
Year 

Discounted 
Present Value 

2011 

Renourishment 2014 $6,411,000 4 $5,200,000
Renourishment 2018 $6,411,000 8 $4,217,000
Renourishment 2022 $6,411,000 12 $3,420,000
Renourishment 2026 $6,411,000 16 $2,774,000
Renourishment 2030 $6,411,000 20 $2,250,000
Renourishment 2034 $6,411,000 24 $1,825,000
Renourishment 2038 $6,411,000 28 $1,480,000
Renourishment 2042 $6,411,000 32 $1,200,000
Renourishment 2046 $6,411,000 36 $974,000
Renourishment 2050 $6,411,000 40 $790,000
Renourishment 2054 $6,411,000 44 $640,000
Renourishment 2058 $6,411,000 48 $519,000
Total Accumulated Present 

Value of Future 
Nourishment 

   
$25,289,000

7.04  Average Annual Project Costs for NED Plan 
 
Average annual project costs are comprised of the interest and amortization of 
both the total investment (including interest during construction) and total 
accumulated present worth of the future nourishment. In addition to interest and 
amortization (I&A), annual costs include the operation and maintenance and the 
required annual monitoring cost. 
 
7.04.1  I&A of Total Investment 
 
Total investment is converted to an average annual equivalent value by 
amortizing the investment over the 50-year period of analysis. The 50-year 
interest and amortization (I&A) factor at 5 – 3/8 percent is 0.057981. The annual 
interest and amortization of the total investment is $1,712,000 as shown in Table 
B-16. 
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7.04.2  Annual OMRR&R 
 
The non-Federal average annual repair cost refers to the sponsor's expense of 
repairing the berm, replacing any destroyed beach access walkways following 
storms, and replanting and fertilizing dune vegetation as necessary. The annual 
cost of operation and maintenance is estimated to be $21,000. 
 
7.04.3  Annual Monitoring 
 
Monitoring is an additional annual cost that is estimated to be $240,000. 
 
7.04.4  I&A of Future Nourishment 
 
The accumulated present value of future nourishment is converted to an average 
annual equivalent value by amortizing the present value over the 50-year period 
of analysis. The 50-year interest and amortization (I&A) factor at 5 – 3/8 percent 
is 0.057981. The annual interest and amortization of the future nourishment is 
$1,466,000 as shown in Table B-16. 
 
 
 
Table B- 16 - Summary of Initial Construction & Annual Costs - NED Plan 
 

Cost Elements Cost in Dollars – Oct 2004 price level

Initial Construction  $29,264,000 (reference Appendix N) 
Interest during Construction          270,000 (Table B-14) 
Total Investment Cost  $29,534,000 
  
Interest & Amortization 50yr, 5-3/8% .057981 =                          $1,712,000
Present Value Future Nourishment $25,289,000 (Table B-15) 
Interest & Amortization 50yr, 5-3/8% .057981 =                          $1,466,000
Annual Monitoring Costs $240,000
Annual OMRR&R $21,000
PV Initial and Future Construction  $54,823,000 
Total Average Annual Cost $3,440,000
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7.05  Benefit/Cost Comparison for NED Plan 
 
Total average annual equivalent benefits to the NED plan equal $7,168,000 
excluding recreation benefits. When compared to the average annual cost of 
$3,440,000, the net benefits over cost equals $3,728,000. The benefit-to-cost 
ratio is 2.08 to 1.0 as shown in Table B-17. 
 
Table B-17 Annual Benefits, Costs, and Benefit-Cost Ratio – NED Plan 
 

NED Plan Benefits1 Costs Net Benefits Benefit/Cost 
Ratio 

1550 $7,168,000 $3,440,000 $3,728,000 2.08 

 

8.0 ECONOMICS OF LOCALLY PREFERRED PLAN 
(LPP) AND RECOMMENDED PLAN 

The Town of Topsail Beach has selected Plan 1250X as the Locally Preferred 
Plan.  Plan 1250X consists of a 26,200-foot long dune and berm system to be 
constructed to a height of 12 feet NGVD fronted by a 7-foot NGVD (50-foot 
wide) beach berm with a main fill length of 23,200 feet, from a point 400 feet 
southwest of Godwin Avenue to the Topsail Beach town limit, and having 2,000-
foot transition length on the north end and a 1,000-foot transition on the south 
end.   
 
In some instances there are reasons for selection of a plan other than the NED 
plan.  Recommended projects which are smaller than the NED plan will 
normally be considered favorable for an exception to the NED requirements.  
Affordability is a valid reason for selecting a plan smaller (less costly) than the 
NED plan. 
 
The Locally Preferred Plan, Plan 1250X, is the selected plan for 
recommendation for Federal action.  The LPP is has a dune 3 feet lower and 
400 feet longer than the NED Plan.  The initial construction cost of the LPP is 
lower than the NED plan, and the renourishment costs are about the same. 
 
The lower elevation dune of the LPP does not provide as much storm damage 
reduction as the NED plan.  Average annual storm damage reduction benefits 
as shown in Table B-18 are $7,081,000 for the NED plan and for the LPP are 

                                                 
1 Hurricane and storm damage reduction benefits, recreation benefits excluded. 
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$6,501,000, a reduction of $580,000, or 8%.  Recreation benefits are the same 
for both plans. 
 
Average annual costs are $3,440,000 for the NED plan (table B-16) and for the 
LPP are $3,027,000 (table B-22).  The renourishment volumes and cost for both 
plans are the same, with the cost differences being in the Total First Costs.   
Total First Costs are $29,264,000 for the NED plan and for the LPP are 
$22,218,000.   
 

8.01 Selected Plan – Economic Benefits 
 
The total expected annual benefits for the Selected Plan are estimated at 
$12,668,000.  An itemized listing of expected annual benefits is presented in 
Table B-18.   
 
Table B-18, Summary of Average Annual Benefits - Compare Selected Plan 
(LPP) to NED Plan (Plan 1550) 
Benefit Category Expected Annual Benefit 
 Selected Plan, LPP NED 
Hurricane and Storm Damage Reduction   
  Storm Erosion $5,638,100 $6,136,400 
  Flood $(55,300) $(73,800) 
  Wave $68,900 $168,000 
  Land and Long Term Erosion $849,600 $850,000 
  Subtotal, rounded $6,501,000 $7,081,000 
   
Emergency Costs and Other Damage Reduction $       87,000 $       87,000 
Recreation $  5,500,000 $  5,500,000 
Sub Total Annualized Benefits $12,088,000 $12,668,000 
Benefits During Construction, negligible $  0 $  0 
TOTAL EXPECTED ANNUAL BENEFITS, 
 SELECTED PLAN OF IMPROVEMENT 

$12,088,000 $12,668,000 

 
 

8.02  Selected Plan – Project Costs 
 
First, project First Costs are computed.  First Costs include expenditures for 
project design and initial construction and related costs of supervision and 
administration.  
 
8.02.1 Selected Plan – First Costs 
 
 First Costs also include the lands, easements, and rights of way for initial project 
construction and periodic nourishment.  Total First Costs are estimated to be 
$22,218,000 at October 2004 price levels as presented in Table B-19.  For 



-- B - 44 -- 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

Draft General Reevaluation Report and Draft Environmental Impact Statement 

comparison, the NED plan Total First Costs are estimated to be $29,264,000 at 
October 2004 price levels. 
 
Table B-19  Project First Costs – Selected Plan, LPP (October 2004 price levels) 
ACCT. 
CODE 

ITEM 
 

QUANTITY UNIT UNIT 
PRICE 

AMOUNT CONTIN-
GENCY 

TOTAL 
COST 

01 LANDS AND DAMAGES 
 Acquisition  $1,191,000 $179,000 $1,370,000
 Land Payments  $29,000 $4,000 $33,000
 Subtotal    $1,403,000
  

17 BEACH REPLENTISHMENT 
 Mobilization and 

Demobilization 
1 JOB LS $1,910,000 $191,000 $2,101,000

 Dredging and 
Beach Fill 

3,223,000 CY $4.45 $14,342,000 $1,434,000  $15,776,000 

 Dune Vegetation 48 AC $8,000 $384,000 $38,000  $422,000 
 Beach Tilling 68 AC $600 $41,000 $4,000  $45,000 
 Public Walkovers 23 EA $35,765 $823,000 $82,000  $905,000 
 Subtotal       $19,249,000 
  

30 PLANNING, ENGINEERING, AND DESIGN $930,000 $186,000 $1,116,000
  

31 CONSTRUCTION MANAGEMENT $375,000 $75,000 $450,000
  
 TOTAL FIRST COST   $22,218,000 

 
 
8.02.2 Selected Plan – Interest During Construction 
 
Second, Interest During Construction is added to the project First Cost.  Interest 
During Construction is computed from the start of PED through the 1 year initial 
construction period.  Interest During Construction for the Selected Plan is 
estimated to be $205,000.  
 
8.02.3 Selected Plan – Total Investment Cost 
 
 The project First Cost plus Interest During Construction represents the Total 
Investment Cost required to place the project into operation.  Total Investment 
Cost for the Selected Plan is estimated to be $22,423,000 as shown in Table B-
20. 
 
Table B-20  Total Investment Cost – Selected Plan, LPP 

ITEM AMOUNT 
Total First Cost $22,218,000 
Interest During Construction $205,000
Total Investment Cost $22,423,000
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8.02.4 Selected Plan – Present Value of Future Nourishment Costs 
 
Third, Scheduled Renourishment Costs are computed.  These costs are incurred 
in the future for each renourishment.  At this point neither discounting to present 
value, nor escalation for anticipated inflation is included.  Renourishment Costs 
are estimated to be $6,411,000 as shown in Table B-21. 
 
Table B-21  Renourishment Costs – Selected Plan, LPP 
ACCT. 
CODE 

ITEM 
 

QUANTITY UNIT UNIT 
PRICE 

AMOUNT CONTIN-
GENCY 

TOTAL 
COST 

17 BEACH RENOURISHMENT 
 Mobilization and 

Demobilization 
1 JOB LS $727,000 $73,000 $800,000 

 Dredging and 
Beach Fill 

866,000 CY $5.00 $4,330,000 $433,000  $4,763,000 

 Beach Tilling 30 AC $600 $18,000 $2,000  $20,000 
 Subtotal    $5,583,000 
  

30 PLANNING, ENGINEERING, AND DESIGN $520,000 $78,000 $598,000 
  

31 CONSTRUCTION MANAGEMENT $200,000 $30,000 $230,000 
  
 TOTAL RENOURISHMENT COST $6,411,000 

 

8.03 Selected Plan – Average Annual Costs 
 
Fourth, Expected Annual Costs are computed.  These costs consist of interest 
and amortization of the Total Investment Cost, and the equivalent annual cost of 
project operation, maintenance, and renourishment.  The Expected Annual Costs 
provide a basis for comparing project costs to expected annual benefits.  
Expected Annual Costs for the Selected Plan are estimated to be $3,027,000.  A 
summary of the computations involved in each of these three steps is presented 
in Table B-22.  By comparison the Expected Annual Costs for the NED plan are 
$3,440,000.  
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Table B-22   Average Annual Project Costs – Selected Plan, LPP, Plan 1250X 

ITEM YEAR AMOUNT PRESENT 
VALUE, 2010 

Total Investment Cost 2010 $29,423,000 $22,423,000
Renourishment 2014 $6,411,000 $5,200,000
Renourishment 2018 $6,411,000 $4,217,000
Renourishment 2022 $6,411,000 $3,420,000
Renourishment 2026 $6,411,000 $2,774,000
Renourishment 2030 $6,411,000 $2,250,000
Renourishment 2034 $6,411,000 $1,825,000
Renourishment 2038 $6,411,000 $1,480,000
Renourishment 2042 $6,411,000 $1,200,000
Renourishment 2046 $6,411,000 $974,000
Renourishment 2050 $6,411,000 $790,000
Renourishment 2054 $6,411,000 $640,000
Renourishment 2058 $6,411,000 $519,000
Total Investment Cost, Present Value  $47,712,000
Annual Costs 
Interest & Amortization, 50 years at 5 3/8 % $2,766,000
Monitoring $240,000 
OMRR&R $21,000 
Total Annual Cost  $3,027,000 
 

8.04  Selected Plan - Benefit to Cost Ratio 
 
With expected annual benefits of $12,088,000 and average annual costs of 
$3,027,000 the benefit to cost ratio for the Selected Plan, Plan 1250X, is 3.99 to 
1.  The annual net benefits are $9,061,000.  By comparison, for the NED plan, 
Plan 1550, the benefit to cost ratio is 3.68 to 1 and the annual net benefits are 
$9,228,000. 
 

 

9.0. REGIONAL ECONOMIC DEVELOPMENT (RED) 
IMPACTS 

The following regional economic impacts will be addressed based on the 
interest of the local sponsor and the surrounding Pender and Onslow counties. 
Local governments seek to preserve the tax base and encourage the growth in 
overall property values, to create stability in the labor force and the employment 
of the labor force. The steady growth of the local community and surrounding 
region is considered a worthy goal by the state and local governments. 
Displacement of people, businesses and farms in the study area is not a 
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desirable outcome that sometimes may result from either continued storm 
damages or even some types of construction. 

9.01  Preserve Tax Base and, Property Values 
 
Real property, including land and structures, in the town of Topsail Beach is 
subject to property tax by Pender County and the town. The Topsail Beach 
Land Use Plan 2004 does not promote high-rise or other dense development,  
but rather favors maintaining the status quo.  The tax base and property values 
will be preserved with implementation of a hurricane and storm damage 
reduction plan. Land loss and long-term erosion eventually renders lots 
unbuildable with a significantly lower economic value. Typically, the tax 
valuation of the ocean front lots is severely reduced to reflect the diminished 
utility of the land. Lower tax valuations may result in lower county and town tax 
revenues unless there is offsetting development in other areas. 

9.02   Employment Stability 
 
Tourism is highly valued as a source of employment and income. Employment 
related to recreation can be less than ideal because of the seasonal nature of 
recreation and tourism. Increased recreation visitation may improve the income 
of service industries in the two county study area. It is unlikely that employment 
will be significantly impacted with or without storm damage reduction measures. 
Gains or losses in income or employment are considered regional impacts. 

9.03  Community and Regional Growth 
 
Implementation of effective damage reduction measures will ensure that the 
current growth trends in population and recreation visitation will continue. 
Protection of the streets and highways in the study area preserve community 
cohesion and encourage the tourism industry on the island, especially the town 
of Topsail Beach. 

9.04  Displacement of People, Businesses, and Farms 
 

Implementation of damage reduction measures under consideration is not 
expected to displace people, businesses, or farms. 
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10.0 UNCERTAINTY AND SENSITIVITY OF ANALYSIS 
TO VARIATION OF VALUES AND ASSUMPTIONS 

10.01  Hurricane and Storm Damage Reduction 
 
10.01.1 Erosion indicators 
 
The effect of using different erosion indicators is shown in Figure B-22 and Table 
B-23.  Previous analyses used the 0.5-foot indicator exclusively. The storm 
erosion damages presented in this report are based on using the 2.0-foot erosion 
indicator for 98.5 percent of the structures. The 0.5-foot indicator was used to 
estimate storm erosion damages to streets, highway, and structures built on 
concrete slab foundations. The 2.0-foot erosion indicator was used for 597 
structures including the 34 commercial structures.  Support for this assumption 
was found in “Erosion Damage Thresholds in North Carolina” (Attachment B-4, 
pages 12-13) by Spencer Rogers, dated 21 April 2002.  An erosion threshold of 2 
feet or less may generate more realistic damage estimates than using an erosion 
threshold of 4 feet when using the SBEACH model.  The 0.5-foot erosion 
indicator was used for 6 single-story homes built on slab foundations, 3 two-story 
homes built on slabs, and the 27 street segments 
 

 
Figure B-22 – Compare Erosion Distance using Different Indicators 

Compare Erosion Distance using Different Indicators
2.0-foot indicator used primarily in report analysis
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Table B- 23 – Sensitivity Analysis - Erosion Indicators 

 
 

 
 
10.01.2  Erosion Damage Curves 
 
Erosion Damage curves, erosion distance, structure distance, and the erosion 
damage indicator combine to produce estimates of storm damage erosion. The 
risk and uncertainty of several parameters is addressed in the GRANDUC 
modeling procedures and included in Appendix D.  

10.02  Other Benefits 
 
Other benefits will include recreation and benefits during construction. With the 
level of Hurricane and Storm Damage Reduction Benefits presented in this 
report, recreation is not expected to influence plan formulation or basic economic 
feasibility. However, recreation benefits are expected to increase the total NED 
benefits and overall benefit-cost ratio. The magnitude of the projected visitation 
and recreation benefits is discussed in detail in Appendix O – Recreation. Upon 
completion of the analysis, visitation may impact on the parking requirements if 
demand exceeds the existing supply of public parking spaces within reasonable 
distance, 0.25 miles, from public beach access points. As long as the initial 
construction falls within the scheduled period, benefits during construction will be 
minor. Parking requirements are presented in Appendix F. Changes in the 
construction schedule (one dredging season) are not expected. 

HSDR benefits Erosion Flood Wave Land Costs B/C Ratio
Base Totals 135,347,131$     113,186,049$   2,282,826$     5,214,450$       14,663,809$  -$               N/A
Base_4ft_sel 130,866,658$     110,113,473$   2,129,122$     5,203,235$       13,420,826$  -$               N/A

Percentage change 3.31% 2.71% 6.73% 0.22% 8.48% #DIV/0!
Base_4ft_all 116,875,279$     95,403,732$     2,240,801$     5,910,281$       13,320,463$  -$               N/A

Percentage change 13.65% 15.71% 1.84% -13.34% 9.16% #DIV/0!

RemD1550 Totals 13,226,516$       7,351,470$       3,555,428$     2,316,568$       3,045$           55,892,000$   N/A
RemD1550_4ft_sel 12,832,179$       7,130,600$       3,367,687$     2,330,848$       3,045$           55,892,000$   N/A

Percentage change 2.98% 3.00% 5.28% -0.62% 0.00% 0.00%
RemD1550_4ft_all 10,798,196$       4,810,061$       3,450,991$     2,534,156$       2,990$           55,892,000$   N/A

Percentage change 18.36% 34.57% 2.94% -9.39% 1.81% 0.00%

Benefits1550 Totals 122,120,615$     105,834,579$   (1,272,602)$    2,897,882$       14,660,764$  (55,892,000)$ 2.18
Benefits1550_4ft_sel 118,034,479$     102,982,873$   (1,238,565)$    2,872,387$       13,417,781$  (55,892,000)$ 2.11

Percentage change 3.35% 2.69% 2.67% 0.88% 8.48% 0.00%
Benefits1550_4ft_all 106,077,083$     90,593,671$     (1,210,190)$    3,376,125$       13,317,473$  (55,892,000)$ 1.90

Percentage change 13.14% 14.40% 4.90% -16.50% 9.16% 0.00%

Estimates presented in GRR (2.0 ft indicator with a few 0.5-ft indicators for slab const. and roads)
Assume 4ft erosion indicator for selected structures (1st row post-1986 construction)
Assume 4ft erosion indicator for ALL structures
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10.03 Interest Rate 
 
In compliance with Executive Order 12893, all benefits and costs were computed 
using a 7.0 percent interest rate for comparison. The results are presented in 
table B-24. Average annual benefits to the NED plan increase very slightly to 
$7,296,000 or less than 2 percent. Average annual costs increase to $3,845,000, 
resulting in net benefits of $3,451,000 and a benefit-to-cost ratio of 1.9 based 
exclusively on hurricane and storm damage reduction (HSDR) benefits.  
 
Average annual costs for the Locally Preferred Plan (LPP), the recommended 
plan equal $3,322,000 at 7.0 percent interest.  When compared to the average 
annual benefits, the resulting net benefits and a benefit-to-cost ratio are 
$3,179,000 and 2.0 respectively.   
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Table B-24 – Sensitivity Analysis -  Plan 1550 (NED Plan) at 7.0 percent interest 
 
 Total HSDR Erosion Flood Wave LTE 
PV Without 
Project 
Damages 

 
$110,176,000 

 $92,263,000   $1,886,000   $4,135,000   $11,892,000  

PV Remaining 
Damages 
w/1550 

 $10,682,000   $5,948,000   $2,892,000   $1,840,000   $2,000  

PV Benefits 
w/1550 

 $99,494,000   $86,315,000   $(1,006,000)  $2,295,000   $11,890,000  

      
I&A 50 yrs @ 
7.0% 

0.072460 0.072460 0.072460 0.072460 0.072460 

Ave Ann 
Benefits 
HSDR 

 $7,209,000   $6,254,385   $(72,895)  $166,296   $861,549  

Reduced 
Emergency 
Costs 

 $87,000      

Benefits 
during 
construction 

 $-        

Recreation 
Benefits 

 $-        

Total Ave. 
Ann. Benefits 

 $7,296,000      

      
PV Initial Cost  $29,264,000      
Int. during 
Const. (IDC) 

 $368,000      

PV Total 
Investment 
Costs 

 $29,632,000      

PV Future 
nourishment 
costs 

 $19,827,000      

PV Costs 
w/1550@7.0% 

 $49,459,000      

      
Ave Ann 
I&A@7.0% 

 $3,584,000      

Ave Ann 
Monitoring 
Costs 

 $240,000      

Ave Ann 
OMRR&R 

 $21,000      

      
Annual Costs 
1550 @7.0% 

 $3,845,000      

      
Net Benefits  $3,451,000      
      
B/C Ratio 1.90     





Structure Type Building inventory 
codes 

Old Code Flood 
Curve Type 

 Content value 
factor 

      
COMMERCIAL      

Apartments  001 5  1.4 
Appliances  002 6  1.75 
Auto Dealership  003 7  1.18 
Auto Junk Yard  004 8  6 
Auto Parts  005 9  3.33 
Bait Stand  006 10  1.67 
Bank  007 11  1.39 
Barber Shop  008 12  1.118 
Beauty Shop  009 46  1.375 
Boat Stalls  010 13  2 
Book Store  011 14  2.68 
Bowling Alley  012 15  1.515 
Business, Pole Shed 
(farm), Garage, Frame 
Tobacco Barn 

 013,071,011A,076 16  2.664,1.5,1.4,1.9 

Church  014 17  1.47 
Cleaners  015 18  2.385 
Cleaners-sub  016 47  3.176 
Clinic-medical  017 19  2.5 
Clothing  018 50  3.575 
Dentist Office  019 51  2.647 
Depart.Store  020 20  2.765 
Doctor's Office  021 21  1.845 
Drug, Super  022 48  2.533 
Funeral Home  023 22  1.176 
Furniture  024 23  1.946 
Garage, Stable, Animal 
Barn 

 025,077 24  1.606,1.4 

Hall, Organiz, Pool 
House 

 026 25  1.176 

Hardware  027 26  3.5 
Hotel  028 27  2.724 
Jewelry, Greenhouse  029,012A 28  8.5, 1.2 

Laundry  030 29  2 
Liquor  031 30  1.52 
Lumber  032 31  2.198 
Market, Super, Poultry 
Houses 

 033,078 32  2.7,2.8 

Market, Drive  034 49  1.923 
Motel  035 33  1.5 
Newspaper  036 34  3.125 
Office Bldg.  037 35  1.588 



Structure Type Building inventory 
codes 

Old Code Flood 
Curve Type 

 Content value 
factor 

     

Post Office, Fertilizer 
Tank, Swimming Pool, 
Tennis Courts 

 038,075,013A,014A 36  1.176,1.4,1.15,0 

Private Club  039 37  1.32 
Restaurant  040 38  2.66 
Rest Home  041 39  2 
School  042 40  1.294 
Service Station  043 41  1.524 
Theater  044 42  1.796 
Theater, Drive In  045 52  1.376 
TV Station  046 43  1.699 
Tavern  047 44  1.416 
Variety Store, Pierhouse  048 53  2.67 

Wash-a-teria 
(bathhouse) 

 049 54  2.235 

Warehouse, Storage 
Building (farm&res), 
Bulk Tobacco Barn 
(farm) 

 050,072,010A,074 45  3.47,1.5,1.5,1.5 

Grain Bin  073 65  3.5 
      

RESIDENTIAL      
Res type 1A 1NNN  1  * 
Res type 2A 1NF, 2NNN, 2NF, 3PF, 

3NN 
 2  * 

Res type 3A   3  * 
Res type 4A   4  * 
Res type 1H 1PN  55  * 
Res type 2H 2PN, 3PN  56  * 
Res type 4H&3H   57  * 
Res type 1B   58  * 
Res type 1HL 1PF, 1PP, 1PS  59  * 
Res type 2HL 2PF, 2PP, 2PS, 3PP, 

3PS 
 60  * 

Res type 4HL   61  * 
5A Mobile Homes   62  * 
Upper floors   63  * 
      

Highways   64   
      
      



 
       
   Key to GRANDUC Residential 

and 
Highway Structure Types 

   

 Structure 
Types - 
Coastal 

Residential 

 plus Condos upper floors & Highways    

   Enter Type in Col. 9 of Structure File    
       
       
       
 Enter      
 GRANDUC 

Flood Types 
f
o
r 

 Acceptable   

 Flood 
Curve 
Types 

  
Description 

 
Floor 

Elevations 

  

       
 1  One story 0-6 feet   
 58  One story with Basement 0-9 feet   
 55  One story High-raised 4-15 feet   
 59  One story High-raised with 1/2 living area below 0-6 feet   
       
 2  Two story (essentially 2 full stories) 0-6 feet   
 n/a  Two story with Basement 0-9 feet   
 56  Two story High-raised 4-15 feet   
 60  Two story High-raised with 1/2 living area below 0-6 feet   
       
 3  Split level - All space in living area 0   
 n/a  Split level - Garage on lowest level 0   
 n/a  Split level - 1/2 garage 1/2 living area on lowest level 0-4 feet   
       
 4  1 1/2 story 0-6 feet   
 n/a  1 1/2 story with Basement 0-9 feet   
 57  1 1/2 story High-raised 4-15 feet   
 61  1 1/2 story High-raised with 1/2 living area below 0-6 feet   
       
 62  Mobile Home 0-6 feet   
       
 63  Residential Condos - upper floors    
       
 64  Highways    
       
       
       
 
All residential structures have a set content percentage of 30 %, 40 %, or 50 %. 
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       April 21, 2002
Erosion Damage Thresholds

in North Carolina

by Spencer M. Rogers Jr.
North Carolina Sea Grant

INTRODUCTION

As the coast of North Carolina developed over the last century, coastal construction has
experienced significant damage from hurricanes and other coastal storms, as well as long-term
erosion.  Construction practices have evolved due to changes in public perception of storm risk
and several construction regulation programs.  Several important changes in practice did not
occur as a gradual process but instead in a series of identifiable steps in time.  Significant events
affecting construction practice include: a series of severe hurricanes and coastal storms in the
1950s; the mid-1960s adoption and later revision of the North Carolina State Building Code, the
second oldest hurricane-resistant building code in the U.S.; and the 1978 implementation and
later revisions of the NC Coastal Area Management Act.  The evolution of coastal construction
practice and general thresholds for damage has been described by Rogers (2001).  This report
applies to those observed changes to develop methods to estimate damage to coastal structures
due to storm-induced erosion in North Carolina.  A comprehensive inventory of building
construction details and other structures can be combined with commonly unmeasurable
construction details that can be inferred from the construction date and the known evolution of
general construction practices. 

The effect of construction regulations is always limited by the effectiveness of local
enforcement and the speed of adoption as general construction practice.  Experience from severe
storms and long-term erosion in North Carolina has shown that the building code and regulatory
enforcement has been generally good; regulatory compliance in coastal communities has been
consistently high; and the adoption of new standards by local contractors timely.  The use of
construction dates to estimate hidden construction parameters affecting erosion resistance is
therefore a reasonable assumption and an improvement over previous methods to estimate
erosion damage.

North Carolina’s buildings and other development  have evolved due to a unique storm
and regulatory history. The recommendations in this report will not directly apply to other
coastal areas.  However, locally-customized construction factors can be developed for any
shoreline that could be used to significantly improve erosion damage predictions over previously
used methods.  

The most accurate method to predict future damage is to perform a building by building
damage evaluation of historical severe storms on shorelines with similar development and
construction standards.  At this time detailed studies do not exist. Therefore, the damage thresholds
suggested for North Carolina and the erosion damage curves in Appendix A are based on the
opinion of the author, formed over 27 years of  building damage evaluations, following most of
the worst storms on the East and Gulf coasts, and for most of that time, observations of the North
Carolina coast on a daily basis.   A resume is included as Appendix B.
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GENERAL APPROACH

To improve erosion damage estimates, buildings can be separated into two general
classes:  small buildings (primarily single family houses) and larger commercial buildings.  Each
class is further separated by construction details determined by a local building inventory and
assumed local construction practice based on construction date.  The erosion resistance of a
building can seldom be determined by construction details alone.  The local ground elevation
significantly affects the effectiveness of the construction standards.  Local topographical data
can be used to separate shorelines into two general types with high or low elevation building
sites. 

SHORELINE TYPES

On ocean shorelines, zones of storm damage have been observed that can separated by
ground elevation into two types (Rogers, 1990) shown in Figure 1.   The high elevation type is
defined as sufficiently elevated to prevent wave effects unless subject to erosion (Figure 1-A). 
The seaward of two damage zones is defined by the area subject to erosion.  Buildings in the
erosion zone are subject to combined damage from erosion, wave impacts and flooding.  The
high elevation of the more landward zone protects the buildings from erosion, waves and
flooding.  Both zones are subject to storm winds.  

Low elevation shorelines with overtopped dunes have four building damage zones
(Figure 1B).  The seaward zone is defined as the area experiencing erosion but also subject to
waves, and flooding.  The next landward zone is defined as the area subject to breaking waves
capable of destroying solid building walls and foundations.  It includes the area subject to
overwash deposition.  The National Flood Insurance Program has traditionally identified the
threshold for destructive wave heights as 3 feet (Corps of Engineers, 1975).  More recent
research indicates that a breaking wave of 1.5 feet will destroy common solid walls and
foundations (Tung et al, 1999) .  The next landward zone is defined by flooding but no
significant wave damage.  The landward-most zone has sufficient elevation to avoid erosion,
waves and flooding  but like the more seaward zones, may be subject to high winds.
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Figure 1: SHORELINE TYPES

A. High dune, no overtopping
1. Erosion zone with waves and flooding
2. High ground (no erosion, waves or flooding)

HIGH GROUND EROSION, WAVES & FLOODING

B. Small overtopped dune
1. Erosion zone with waves and flooding 
2. Waves zone with overwash deposition and flooding
3. Stable ground elevation with flooding
4. High ground: (no erosion, waves or flooding)

HIGH GROUND FLOODING WAVES EROSION
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CLASSES OF STRUCTURES

To predict erosion damage within the described zones, it is useful to separate structures
into several different classes as shown in Figure 2.  Buildings are separated by general size,
typically single-family houses and larger commercial buildings.  Both classes of buildings
commonly use breakaway walls and enclosures under piling supported, elevated buildings.  The
behavior of the enclosures is sufficiently different and often independent of the elevated
buildings therefore justifying a separate class and damage calculations for the enclosures.  A
broad class of structures including mobile homes, swimming pools and other expendable
structures, including decks seaward of oceanfront houses, are grouped as highly erosion sensitive
structures.  Dune walkways, roads and erosion control actions are listed as separate classes.  It is
useful to separate the buildings and several other classes into subclasses, based on similar
construction characteristics.  Suggested erosion damage tables for Classes 1-5 are included as an
appendix.

Class 1:  Single-Family Houses

Single-family houses are by far the most common class of buildings along the North
Carolina coast.  They are used as primary residences, second homes and rental property. The
class includes similarly designed small buildings such as duplexes, small condos and some small
commercial buildings.  The class can be further divided by foundation type, determined by a
detailed building inventory and the date of initial construction.  Class 1a  includes erosion-
sensitive foundations including concrete slabs, shallow spread footings and most others not on
pilings.  Class 1b buildings are constructed on relatively shallow pilings.  Building code
requirements beginning in the mid-1960s led to the common use of pilings installed to a depth of
8 feet below grade.  It includes most non-oceanfront houses up to present and oceanfront houses
constructed through 1985.  Class 1c consists of oceanfront houses constructed from 1986 to
present, following an increase in the piling foundation standard to -5 feet NGVD or 16 feet
below grade, whichever is shallower.  

The shallow foundations in Class 1a are equally erosion damage prone in both shoreline
elevation types.  The shallow pilings in Class 1b are ineffective on high elevation, Type A
shorelines, and perform like Class 1a (Figure 3).  At lower ground elevations of Type B a
moderate level of erosion resistance is provided (Figure 4).  For short pilings,  +12' NGVD is
suggested as an effective ground elevation separation for shoreline type.  Shallow piling
foundations in Type A shorelines have a piling tip penetration above +4' or slightly above the
mean high water elevation, too little embedment to improve the erosion-resistance over Class 1a. 
Significant damage to deeper imbedded pilings is likely to begin when the erosion depth exceeds
4', half the embedment depth of 8'.

On high elevation Type A shorelines the deeper pilings of Class 1c are limited in
effectiveness by the 16' feet below grade requirement.  The shoreline types can be separated by a
ground elevation of +16' NGVD.  On A shorelines, the piling embedment will be no deeper than
0.0' NGVD and can be expected to perform similar to the other grossly eroded foundations in 1a
and 1b(A) (Figure 5).  When piling embedment approaches or exceeds the -5' NGVD piling
standard on lower ground elevations (Type B) the erosion resistance of 1986 piling standards
proved very effective during Hurricane Fran (FEMA, 1997 and Woodward-Clyde, 1997.)  See
Figure 6.  An erosion threshold of 4 feet is suggested.
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Figure 2:  CLASSES OF COASTAL BUILDINGS AND OTHER STRUCTURES

1. Single-family house (includes duplexes & small condos )
a. Slab foundation or shallow perimeter footing and interior piers
b. Shallow piling foundation (~ 8'  below grade:  oceanfront, 1965 thru 1985 and

farther inland, all dates.)
c. Deeper piling foundation (piling penetration to -5' NGVD or 16' below grade,

whichever is shallower, 1986 and later, oceanfront only)

2. Commercial or large multi-family buildings
a. Slab or other on-grade foundation
b. Second floor and above piling supported, lowest floor on grade (common in

hotel and condos)
c. Fully piling supported, deep pilings, [some wood-frame, pre-1985 oceanfront

condos may have shallow pilings as in 1b above]
d. Building specific evaluation (fishing piers, etc.)

3. Underhouse enclosures: may be unfinished or finished interior
Unfinished enclosures have fixed cost per either SF or linear wall footage
Finished enclosure valued as ratio of total finished floor area 

a. None (parking slab?)
b. Small (<300 SF)
c. Partial (>300 SF, < full)
d. Full enclosure

 
4. Mobile homes, utility buildings, detached garages, decks seaward of oceanfront houses,

gazebos, pools etc

5. Dune walkways
a. Houses
b. Public/commercial

6. Paved roads and parking lots
a. Damage
b. Overwash excavation
c. Sand sifting operations

7. Erosion control structures and actions
a. Beach scraping
b. Emergency sandbags



6

Figure 3:   Short piling foundation failures (Class 1b)  on high-elevation shoreline
(Type A).  Location:  Kure Beach NC after Hurricane Fran.

Figure 4:  Short piling foundation (Class 1b)  near failure on low-elevation shoreline
(Type B).  Location:  Surf City NC after Hurricane Fran.
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Figure 6:  Houses on 1996 pilings (Class 1c) on low-elevation shoreline (Type B). 
Location: Topsail Island after Hurricane Fran.

Figure 5:   House under construction with piling 16 feet below grade (Class 1c) on high-
elevation dune (Type A).  Dune elevation above +16 feet NGVD  makes erosion failure
more likely.  Location: Emerald Isle NC.
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Figure 7:  Slab foundation failure (Class 1a & 2a) beside commercial/deep-piling
structure (Class 2c) on high-elevation shoreline (Type A).  Location:  Surf City NC
after Hurricane Fran.

Figure 8: Piling-supported hotel with lower floor on unsupported slab (Class 2b)
on low-elevation shoreline (Type B).  Location:  Wrightsville Beach NC after
Hurricane Fran.
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Figure 9:  Piling-supported hotel after failure
of unsupported, first-floor slab (Class 2b) on
low-elevation shoreline (Type B).  Location: 
Horry County after Hurricane Hugo.

Class 2: Large Commercial Buildings

The class of large buildings includes
hotels, large condos, restaurants, and most other
commercial buildings.  These generally larger
buildings are constructed to a separate
performance building code that does not include
the specific piling depth requirements found in
Class 1.  The large mass of the buildings
typically dictates, that where used, piling
embedment depths are significantly greater than
for small buildings.  Class 2a  buildings are
constructed on shallow, erosion-sensitive
foundations, typical of older commercial
buildings (Figure 7).  Class 2c is fully
supported on a piling foundation and has an
erosion tolerance as good or better than the best
small buildings (Figure 7.)  Class 2b is a hybrid
foundation common in  hotel construction.   All
of the building walls and all floors above the
first floor are supported on pilings and buried
grade beams that are relatively erosion tolerant
(Figure 8).  The lowest finished floor is
supported on a slab foundation supported on
grade between the foundation pilings (Figure
9).  The lowest floor is therefore highly erosion
sensitive.  Wave and erosion damage occurs to
the lowest floor where much of the value of the building is concentrated, but higher floors are
relatively undamaged.  It is suggested that total erosion damage be estimated by treating the
lowest floor as a slab (Class 1a and 2a)but weighted for twice the average square-foot value for
the building, and added to damage in higher floors as applied in Class 1c and 2c. 

Class 3: Under-building Enclosures

Many buildings of all ages enclose part or all of the area under piling-supported elevated
buildings.  Present regulations allow lower level enclosures for the purposes of parking, storage
or access to the elevated building.  Any enclosure must be unfinished and include no equipment
such as a heat pump, water heater, washer or dryer.  In some communities it is common for
piling-supported houses constructed prior to adoption of minimum floor elevation requirements,
to have fully finished underhouse enclosures supported on a slab foundation.  Although
prohibited in more recent construction, small finished enclosures and unauthorized equipment
are not uncommon.  Erosion or  waves frequently destroy the lower level and equipment, leaving
the elevated floors in place.

Some near-ocean buildings are required to use specific designs for breakaway enclosure
walls.  More recent research has shown that standard wood framing adequately functions to
breakaway from the piling foundation and elevated building, negating the need for a specific
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breakaway design (Tung et al, 1999).  Whether it was designed to breakaway is a moot issue. 
Waves and/or erosion will predictably cause all enclosure walls to breakaway. 

Enclosures are common in both Class 1 and Class 2 buildings.  Enclosures are supported
on slab foundations that behave quite differently in erosion than the rest of a piling-supported
building.  Recent building inventory collections have included separate descriptions of the size
and finish of the enclosures.  Therefore overall damage calculations can be simplified and
improved by considering enclosures as Class 4 structures, separate from the rest of the elevated
buildings.  The National Flood Insurance premium rating system serves to encourage enclosure
sizes into four groups as outlined in Figure 2.  Open buildings with no enclosures may still have
parking slabs that are subject to erosion damage.  In NFIP V-zones, enclosures smaller than 300
SF can be rated by local flood insurance agents.  Larger enclosures must submit information to
Washington for rating.  Full enclosures are common near some shorelines particularly in A-
zones where flood insurance rates are not affected by the size or presence of the enclosures.

The value of the enclosure will vary depending on whether it is finished or unfinished. 
Finished areas can be reasonably valued at the SF rate of the elevated building.  Unfinished
enclosures are obviously lower in value.

Class 4: Mobile Homes and Other Expendable Structures 

Mobile homes and a group of other expendable structures are highly erosion sensitive,
failing quickly after only partial undermining.  Mobile homes in this class use shallow,
mortarless concrete block piers, tied down with screw anchors.  A small number of mobile
homes have recently been installed on traditional piling foundations and should be evaluated as
Class 1 structures. North Carolina has historically considered expendable structures to include
small utility buildings, parking surfaces, gazebos, swimming pools and tennis courts.  Also
included are the open decks seaward of most oceanfront houses.  Building setback lines
generally apply to the roofed building, but expendable decks of limited size are allowed to be
constructed contiguous to the building, seaward of the setback line.  The building code allows
the common practice of using short pilings on the decks compared to required depth for the
building (FEMA, 1997.)  Oceanfront decks are therefore far more erosion-sensitive than the
adjacent buildings and are more accurately grouped with Class 4.  Detached garages are more
common in older development and are affected similarly by erosion.

Class 5: Dune walkways

Dune walkways are permitted as expendable structures and restricted in piling depth to
require erosion damage rather than interfering with access along the beach.  Walkway damage
differs from Class 4 only in the rate that erosion damage progresses.  The relatively long, shore
perpendicular structures can be assumed to experience a linear increase in damage with the
percentage of erosion rather than a quick total loss as in Class 4.  Houses and commercial/public
walkways differ primarily in value per linear foot of walkway . Commercial/public walkways
tend to be a few feet wider and use heavier materials, therefore have a higher value per unit
length.
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Class 6:  Paved Roads and Parking Areas

On-grade paving is destroyed by shallow erosion, requiring replacement and/or
relocation.  In contrast overwash deposits bury the paving without significant damage.  Damage
values result from the effort required to excavate the surface, returning it to its intended function. 
Road repair and replacement costs should be available from the NC Department of
Transportation.  Overwash excavation costs may also be available from the same source for
Highway 12 or from local governments.  Most near-ocean overwash deposits that are excavated
from roads or developed areas are required to be replaced on or near the beach.  In our recent
hurricanes, the abundance of construction debris excavated with overwash sand has led to major
sand sifting projects before being returned to the beach.  The cost of handling has been estimated
in some communities to have exceed $15/CY of excavated sand.  The cost of past efforts should
be available from local governments or NC Emergency Management since they are included in
FEMA Public Assistance reimbursements. 

Class 7: Erosion control structures and responses

Most erosion control structures on the oceanfront are prohibited by NC regulations. 
However emergency sandbag revetments and several other practices are pre-authorized by
general permits and are in common use.  Most permanent structures, including buildings, are
eligible for an emergency sand bag permit if erosion moves the vegetation line closer than 20
feet from the building.  Roads and septic tanks are included.  Mobile homes and detached
garages would also qualify but most other expendable structures in Class 4, including oceanfront
decks,  would not be eligible.  The emergency sandbag revetments are limited in time (two to
five years, depending on building size, longer if beach nourishment is under study) and in size. 
The size limit is approximately 6 feet high and 20 feet wide.  Typical practice uses bags filled to
roughly 2 feet high by four feet wide in a sloping revetment three bags high and three wide for a
total of 6 rows of bags.  A property owner on Topsail Island recently received three bids of
approximately  $20 per linear foot of row of bags or $120 per linear foot for a typical 6-bag cross
section.  Cooperating adjacent owners pay for their oceanfront lot width.  Isolated owners must
pay for extra bags to protect the one or both sides of their structures.

Beach scraping, excavating sand from the berm or foreshore and pushing it to just
landward of the vegetation line or erosion scarp is the most common erosion control response in
use on the NC coast.  Funding and permitting varies by community.  Work is contracted by
individual property owners, or in some cases by local government or homeowners associations
for longer shorelines under their management.  Several research projects have concluded that
beach scraping within the limits of the state permit conditions has no significant positive or
negative impact on the local erosion rate.  Although proven to be of little benefit, beach scraping
is a common and real cost, directly by the property owner or indirectly through government or
homeowner association assessments.  The frequency and cost of beach scraping can usually be
determined by contacting the local government or building inspector.
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USING SBEACH TO PREDICT BUILDING DAMAGE

SBEACH erosion model was developed to predict two-dimensional beach profile
changes with varying storm surge, wave and sediment size conditions.  It is intended to predict
bar movement, overwash and shoreline recovery better than previously available models.  It was
not developed to predict erosion damage to buildings and has limitations if directly used for that
purpose.  Most of the model calibration came from large scale wave tank data and field studies
following storms with moderate surge elevations.  Calibration for design level storms (50 to 100-
year events) appears to have been minimal.

Since SBEACH was designed to better model dune overtopping and overwash deposition
it should better represent low elevation shorelines where dunes are flattened and overwash is
deposited farther landward.  The predicted overwash terrace should provide a better profile for
predicting depth limited wave heights around buildings on the second row and farther inland. 
For predicting erosion threats to typical oceanfront buildings it is suspected that the model
underestimates erosion depth.  It may not be a significant issue on shallow foundations, such as
slabs, but becomes a particular problem when predicting the erosion failure threshold for shallow
pilings.  Reasonable results are likely to be obtained by using a modeled erosion depth threshold
that is shallower (2' maybe?) than observed in the field (on the order of 4' for 8' pilings in severe
storms.)  Several sections of Topsail Island that lost 150+ similar buildings on short pilings in
Fran would be useful area to calibrate SBEACH for the erosion failure threshold for low
elevation shorelines with overtopped dunes.

During extreme storms, those most likely to cause erosion damage to buildings, high
dunes or unconsolidated bluffs are observed to retreat with near vertical erosion scarps.  Slopes
steeper than 75 degrees appear common.  There is sufficient soil moisture in the dune sands to
allow the steep slope to remain stable for a period of days to weeks.   Eventually the bluff face
will dry and avalanche to a slope flatter than the angle of repose for the sand.  The severe erosion
depth caused by the retreat of the bluff during the storm places extreme conditions on both
shallow and deep piling foundations.  However, after the storm there is usually sufficient time to
stabilize the top of the bluff, avoiding the additional horizontal erosion that would otherwise
occur by avalanching.

In contrast, SBEACH adjusts the erosion scarp by continuously avalanching the eroded
scarp (SBEACH Report #1 VI, page 171.)  When the slope exceeds 28 degrees the model
retreats the top of the erosion scarp and redistributes the sand volume to a slope of 10 degrees at
each time step.  The assumptions appear to be coded into the software and are not variable
parameters.  The theoretical slope may approach 28 degrees, much flatter than observed
following severe storms.  However, a few sample runs in dunes higher than the wave runup limit, 
consistently resulted in slopes of only 8 to 9 degrees, far flatter than the roughly 75 degrees
observed in the field.  The model profile output gives the appearance of a steep eroded dune face
but is misleading due to the horizontal to vertical distortions in the default profile scales.  The
affect is not unique to SBEACH.  Report #1 VII p. 217-9 indicates the Kriebel model predicts
even flatter slopes.

There is no obvious method to adjust SBEACH to generate a more realistic erosion
scarp or to adjust the observed erosion threshold depths of the different foundation types to fit
the model.  Selection of an erosion threshold in the model is necessary to determine the
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Figure 10:  Second-row dune left after Hurricane Fran provided
protection during Hurricanes Bonnie, Dennis and Floyd.  Location North
Topsail Beach after Hurricane Floyd.

percentage of structure erosion in Figure 2 before the percentage of damage can be estimated. 
Calibration tests in SBEACH Report #4 appear to indicate the model underestimates the
horizontal dune retreat more often than overestimates.  The best vertical erosion depth for the
model is likely to be lower than observed for actual damage.  For shallow foundation classes an
erosion threshold of 0.5' to 1' appears reasonable.  For the piling foundation classes, an erosion
threshold of 4' is realistic in the field but 2'  or less in SBEACH may generate more realistic
damage estimates.  It may be feasible to calibrate the damage estimates using the high ground
elevations of Kure Beach during Hurricane Fran when 15 to 20 building were destroyed.  The
choice of an erosion threshold depth on the flat eroded dune slope from SBEACH is likely to
result in extreme variations in the percentage of damage for each class of structure.  It is likely
additional calibration will be necessary to select an arbitrary erosion threshold depth for
reasonable damage estimates.  The selected threshold for piling supported buildings is likely to
be considerably different than observed in the field, a necessary correction due to limitations in
the model. 

SUGGESTED HURRICANE FRAN CALIBRATION AREAS FOR SBEACH  

Kure Beach, NC in the vicinity of Avenue E                                     Figure 3 

1226 N. Shore Drive & Jones Avenue, Surf City, NC Figure 4
Area includes:   Severely leaning house on short pilings 
Post-1986 house on long piles, undamaged
Multiple pre-1986 houses destroyed.

341 Topsail Road & 11th Avenue, North Topsail Beach, NC Figure10 
Second-row house has been protected by overwash 
deposit left in place after Hurricane Fran.
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APPENDIX A:  Erosion-Damage Curves   

Contents damage assumed to be the same curve as structural damage

Class 1 Structures:  Single-family residential buildings, duplexes and small condos

Structure Class 1a.  Slab                  1b. Short Pilings              1c. Long Pilings
Shoreline Type A & B A:  High Dune B: Low Elevation A:  High Dune B: Low Elevation

All ground ground el >12' ground el <12' ground el >16' ground el <16'
      elevations piling tip > el +4' piling tip < el +4 piling tip > el 0 piling tip < el 0'

Erosion depth 0.5 feet 4  feet 4  feet
threshold

% Erosion % Damage
0 0.05 0.05 0.05 0.05 0

0.1 0.2 0.1 0.1 0.1 0.01
0.2 0.4 0.2 0.2 0.2 0.02
0.3 0.6 0.4 0.3 0.4 0.03
0.4 0.8 0.8 0.4 0.8 0.04
0.5 1 1 0.5 1 0.05
0.6 1 1 0.6 1 0.06
0.7 1 1 0.7 1 0.07
0.8 1 1 0.8 1 0.08
0.9 1 1 0.9 1 0.09
1 1 1 1 1 0.1

Class 2 Structures:  Commercial buildings, hotels, large condos

Structure Class 2a 2b 2c
non-piling foundation piling foundation full piling foundation

lowest floor slab
Same as 1a  f(# floors) * below Same as Type B-1c

Erosion depth
threshold 0.5 feet 0.5 feet 4 feet

% erosion % Damage
0 0.05 * 0

0.1 0.2 * 0.01
0.2 0.4 * 0.02
0.3 0.8 * 0.03
0.4 1 * 0.04
0.5 1 * 0.05
0.6 1 * 0.06
0.7 1 * 0.07
0.8 1 * 0.08
0.9 1 * 0.09
1 1 * 0.1

* Class 2b:  % damage = [2 x (% erosion) / (# floors)] + (% damage Class 2c) 

Class 3 Structures:  Underhouse enclosures below piling supported buildings, equipment, utilities, etc.

Non-piling foundation
Same as 1a Erosion depth threshold = 0.5 feet

% erosion % Damage
0 0.05

0.1 0.2
0.2 0.4
0.3 0.8
0.4 1
0.5 1
0.6 1
0.7 1
0.8 1
0.9 1
1 1

A-1



Class 4 Structures:  Mobile homes, utility buildings, oceanfront residential decks, detached decks, gazebos,
pools, detached garages, buried public utilities

Shallow foundations
% erosion % Damage Erosion depth threshold = 0.5 feet

0 0
0.1 0.5
0.2 1
0.3 1
0.4 1
0.5 1
0.6 1
0.7 1
0.8 1
0.9 1
1 1

Class 5 Structures:  Dune walkways

Shallow foundations
% erosion % Damage Erosion depth threshold = 2 feet

0 0
0.1 0.1
0.2 0.2
0.3 0.3
0.4 0.4
0.5 0.5
0.6 0.6
0.7 0.7
0.8 0.8
0.9 0.9
1 1

A-2
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APPENDIX B:  BUILDING DAMAGE ASSESSMENT EXPERIENCE 
 
 
Spencer McMath Rogers, Jr. 
 
ADDRESS: North Carolina Sea Grant   Coastal Services 

5001 Masonboro Loop Road  & 233 Marsh Hen Drive 
Wilmington, NC  28409   Wilmington, NC 28409 
910-962-2491 910-799-6654 
 

EDUCATION: M.S. Coastal & Oceanographic Engineering, 1975, University of Florida, Gainesville, FL 
B.S. Engineering, 1973, University of Virginia, Charlottesville, Virginia 
 

EMPLOYMENT:   
 
1978 to Present:  Job title:  Coastal Engineering Specialist, NC Sea Grant.  Work through 

the NC Sea Grant Marine Advisory Service to advise private property owners, builders, designers, and 
governmental agencies on hurricane-resistant construction methods, shoreline erosion alternatives and 
marine construction techniques.  Faculty: University of North Carolina - Wilmington, Center for Marine 
Science.  Adjunct faculty: North Carolina State University, Department of Civil Engineering in Raleigh NC. 

 
1975-78:  Coastal Engineer for the Bureau of Beaches and Shores, Florida Department 

of Natural Resources, Tallahassee.  Conducted evaluations of proposed Atlantic and Gulf front 
development for variances of the coastal construction setback line.  Evaluated erosion control alternatives 
and impacts. 

 
AFFILIATIONS: National Association of Coastal Engineers 

American Society of Civil Engineers 
National Society of Professional Engineers 
Professional Engineers of North Carolina 
Association of State Floodplain Managers 
 

REGISTRATIONS:  Registered Geologist, State of North Carolina, # 684 
 

APPOINTMENTS:   
 

North Carolina Coastal Resources Advisory Council, 1992 to present. 
Representing marine science and technology.  The Council advises the NC Coastal Resources 
Commission on coastal management regulations in North Carolina. 

 
NC Science Panel on Coastal Hazards, 1997 to present. 

NC university coastal engineers and geologists advising the NC Coastal Resources Commission 
on technical issues related to coastal processes. 

 
PERTINENT PUBLICATIONS: 35 selected from 47 
 
Rogers, Spencer M. Jr. and Chris Jones, 2002.  “Selecting Erosion Setbacks For Balanced Multi-hazard 
Risk.”  Solutions to Coastal Disasters Conference, San Diego CA, ASCE. 
 
Jones, Chris and Spencer Rogers, 2002.  “Establishing Standards for Building Setbacks: Incorporation of 
Erosion Rate Variability.”  Solutions to Coastal Disasters Conference, San Diego CA, ASCE. 
 
Rogers, Spencer, 2001.  “Evaluating Potential Hurricane and Erosion Damage to Buildings in Coastal 
North Carolina.”  North Carolina Sea Grant, UNC-SG-01-04.  
 
Rogers, Spencer M. Jr., 2000.  "Beach Nourishment For Hurricane Protection: North Carolina: Project 
Performance in Hurricanes Dennis and Floyd." National Beach Preservation Conference. August  2000. 
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Kriebel, David, Larry Buss and Spencer Rogers, 2000.   “Impact Loads from Flood-bourne Debris” ASCE 
report for FEMA. Other research on floating debris is  in progress. 
 
Rogers, Spencer M. Jr., 1999. "Design and Construction Guidance for Breakaway Walls Below Elevated 
Coastal Buildings in accordance with the National Flood Insurance Program." FEMA Technical Bulletin, 
FIA-TB 9-99. 
 
Yeh, S. C., Spencer M. Rogers, Jr., C. C. Tung, and B. Kasal, 1999. " Behavior of Breakaway Walls 
Under Wave Action." Journal of Structural Engineering. ASCE. October 1999. pp. 1162-1169. 
 
Tung, C. C., B. Kasal, S. C.Yeh, and Spencer M. Rogers, Jr., 1999. "Ultimate Capacity of Nailed 
Connections for Design of Breakaway Walls." Forest Products Journal. Vol. 49. No. 10. October 1999. pp. 
76-81. 
 
Tung, C.C., B. Kasal, Spencer M. Rogers, Jr., and S.C. Yeh, 1999. "Behavior of Breakaway Wall 
Subjected to Wave Forces: Analytical and Experimental Studies."  NC Sea Grant (UNC-SG-99-03).  
February 2. 
 
Work, Paul A., Spencer M. Rogers, Jr., and Robert Osborne, 1999. "Flood Retrofit of Coastal Residential 
Structures: Outer Banks, North Carolina."  Journal of Water Resources Planning and Management. 
March/April 1999. 
 
Pratt, Anthony P., Christopher P. Jones, Spencer M. Rogers, Jr., and Darryl J. Hatheway, 1998. 
"Delaware Coastal Vulnerability and Construction Standards Study."  Association of State Floodplain 
Managers Conference Proceedings. 
 
Rogers, Spencer M., Jr. and Sam Houston, 1997. “Hurricane Surge and Wave Conditions: Research 
Needs.”  Waves ‘97 Conference Proceedings, ASCE. 
 
Jones, Christopher P., Spencer M. Rogers, Jr., and Darryl Hatheway, 1997.  "Coastal Vulnerability and 
Construction Standards Study."  Delaware Department of Natural Resources and Environmental Control.  
Dewberry & Davis.  September 17, 1997. 
 
Clark, Walter, and Spencer M. Rogers, Jr., 1996.  "Questions and Answers on Purchasing Coastal Real 
Estate in North Carolina."  NC Sea Grant & NC Real Estate Commission. (UNC-SG-96-10).  
 
Rogers, Spencer M., Jr., 1996.  “Corrosion Protection for Metal Connectors in Coastal Areas,” Technical 
Bulletin TB 8-96, FEMA. 
 
Rogers, Spencer M., Jr., 1995. “The Effects of Corrosion on Sheet-Metal Connectors in Coastal Buildings: 
A Summary of Present Knowledge,” FEMA. 
 
Rogers, Spencer M., Jr. 1995.  "Getting the Most from Oceanfront Setback Lines"  Coastal Zone '95, 
Tampa, FL, ASCE. 
 
Rogers, Spencer, M. 1995.  "Preliminary Summary of Conditions and Damages: Hurricane Emily".  Shore 
& Beach, Journal of the American Shore and Beach Preservation Association, Berkeley, CA. January 
1995. 
 
Rogers, Spencer M.  Jr., 1995.  "Coastal Hazard Analysis for North Carolina Aquarium/Fort Fisher."  NC 
Sea Grant. 
 
Rogers, Spencer M. Jr., 1994. "Hurricane Andrew & the South Florida Building Code:  Relevance to the 
North Carolina Building Code."   NC Sea Grant. 
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Rogers, Spencer, M. Jr. 1993.  "Relocating Erosion-Threatened Buildings:  A Study of NC Housemoving". 
Coastal Zone '93, New Orleans, LA, ASCE. 
 
Rogers, Spencer M. Jr., 1991.  "Foundations and Breakaway Walls of Small Coastal Buildings in 
Hurricane Hugo."   Coastal Zone '91, Long Beach, CA, ASCE.  Also published in National Hazard Center 
Quick Response Report, #37. 
 
Rogers, Spencer, M., Jr. 1991.  "Flood Insurance Construction Standards:  Can They Work on the 
Coast?".  Coastal Zone '91, Long Beach, CA, ASCE, and Natural Hazards Research Center, U. of 
Colorado, 1990. 
 
Rogers, Spencer M. Jr. 1990.  "Designing for Storm Surge and Wave Damage in Coastal Buildings."  
Coastal Engineering Conference, Delft, The Netherlands, ASCE.  
 
Rogers, Spencer M., Jr., 1990.  "Performance of Building Resistance to Water, Waves and Erosion."  
Proceedings from "Hugo: One Year After." Charleston, SC, ASCE.  
 
Rogers, Spencer M., and Peter R. Sparks, 1991.  "Damage to Buildings: Hurricane Hugo".  Shore & 
Beach, Journal of the American Shore and Beach Preservation Association, Berkeley, CA. Oct. 1990. 
 
Rogers, Spencer M. Jr., 1990. "The Cost of Oceanfront Erosion in North Carolina:  An Analysis of Flood 
Insurance Claim Payments 1977-1989."  NC Sea Grant.   
 
Rogers, Spencer M., Jr., 1986.  "Coastal Erosion Issues in Flood Hazard Mapping,".   Report to the 
Coastal Committee, Association of State Floodplain Managers. 
 
Rogers, Spencer M., Jr., Sparks, Peter R. and Sparks, Katharine M., 1985.  "A Study of the Effectiveness 
of Building Legislation in Improving the Wind Resistance of Residential Construction", National 
Conference on Wind Engineering, Lubbock, TX, Wind Engineering Council. 
 
Rogers, Spencer M., Jr., 1985.  "Hurricane Diana:  Impact on Coastal Development."  Coastal Zone '85, 
Baltimore, MD, ASCE. 
 
Stutts, Alan T., Chrystos D. Siderelis, and Spencer M. Rogers. 1985.  "Effect of Ocean Setback 
Standards on the Location of Permanent Structures in Coastal North Carolina." Coastal Zone '85, 
Baltimore, ASCE. 
 
Cox, John W., with Spencer M. Rogers, Jr., 1984.  "Performance of Offshore and Coastal Structures 
During Alicia", Alicia: One Year Later, Galveston, TX,  ASCE. 
 
Rogers, Spencer M. Jr., 1982. "Coastal Environment and Site Characteristics." Coastal Residential 
Construction Workshop. FEMA, Emmitsburg, MD. 
 
Rogers, Spencer M. Jr., 1982.  "Coastal Flood Forces", Proceedings from Intergovernmental Seminar on 
Flood-Loss Reduction Through Improved Building Practices, FEMA, Emmitsburg, MD. 
 
Tayfun, M. Aziz, Spencer M. Rogers, Jr. and Jay Langfelder, 1979.  "Delineation of an Ocean Hazard 
Zone for North Carolina Department of Marine Science and Engineering", NC State University. 
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POST-STORM BUILDING DAMAGE ASSESSMENTS  
 (not including northeasters or other storms) 
 
    Named Storm  Year Location      Support 
 Hurricane Floyd  1999    NC  NC Sea Grant     
 Hurricane Dennis 1999    NC  NC Sea Grant 
 Hurricane Bonnie 1997    NC  NC Sea Grant 
 Hurricane Fran  1996    NC  FEMA Building Performance Assessment Team 
 Hurricane Bertha 1996    NC  NC Sea Grant 
 Hurricane Opal  1995    FL  Florida State Emergency Response Team 
 Hurricane Emily  1993    NC  FEMA Damage Assessment Team 
 Hurricane Andrew 1992    FL  NC Sea Grant 
 Hurricane Hugo  1989 SC/NC  Natural Hazards Research Center 
 Hurricane Gloria 1985    NC  NC Sea Grant 
 Hurricane Diana 1984    NC  NC Sea Grant 
 Hurricane Alicia  1983    TX  NC Sea Grant 
 Hurricane Fredric 1979 AL/MS  NC Sea Grant 
 Hurricane David  1978    NC  NC Sea Grant 
 Hurricane Eloise 1975    FL  Florida Bureau of Beach and Coastal Systems 
 
OTHER WORK 
 
Project member for FEMA’s 2001 revisions of the Coastal Construction Manual. 
 
Flood Hazard Committee, HAZUS Flood Loss Estimation Model, National Institute of Building Sciences.  
Committee is guiding development of a flood damage assessment model to estimate economic losses 
from future floods. 
 
Member, ASCE Standards Committee: Flood Damage Resistant Design and Construction, 1995 to 1999. 
 
Project committee member, "Compatibility of Flood Loss Reduction Standards of the National Flood 
Insurance Program with the National Model Building Codes and Standards,"  National Institute of Building 
Sciences, Washington, D.C., 1992. 
 
Congressional Testimony, on "Issues Relating to Erosion, Erosion Management and Erosion Insurance 
H.R. 3456, H.R. 4461 and Managing Coastal Erosion by the National Research Council".  Before the 
Committee on Banking, Finance and Urban Affairs, Subcommittee on Policy Research and Insurance. 
Rehoboth, DE, July 1990. 
 
Technical Consultant, "Property Eligibility Requirements for Wind Storm Coverage"  Property Insurance 
Underwriting Association, State of New York, 1988.  NY now requires existing buildings to be retrofitted to 
minimum storm resistance standards for coverage through the state-sponsored wind insurance pool for 
high risk coastal buildings.  
 
Technical Editor, America's Vanishing Coastlines: A New Concern For The Voluntary And Residual 
Property Insurance Markets, National Committee on Property Insurance, 1988. 
 
Co-author, "Coastal and Flood Plain Construction Standards," NC State Building Code, NC Dept. of 
Insurance, 1986. 
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1.  Regional Geology 

 
A.  Physiography and Geomorphology.  The study area encompasses Topsail 
Island and nearshore Onslow Bay.  Topsail Island is a 40 km long barrier 
island, which lies within the Atlantic Coastal Plain Physiographic Province.  It 
is bounded by New River Inlet to the northeast, New Topsail Inlet to the 
southwest, Onslow Bay to the southeast, and the Atlantic Intracoastal 
Waterway (AIWW) to the northwest.  Onslow Bay is a modern embayment of 
the Atlantic Ocean.  It is bounded by Cape Lookout to the north and Cape 
Fear to the south.  Present on Topsail Island are beaches, dunes, and 
marshes, landforms typical of barrier island complexes.  On the nearshore 
floor of Onslow Bay are submarine scarps, shoals, and bars.   
 
B.  Stratigraphy.  The Atlantic Coastal Plain and the inner continental shelf of 
Onslow Bay are both underlain by relatively flat-lying sedimentary units which 
gently dip and thicken to the southeast.  This large sedimentary wedge 
includes both sediments, which have not been indurated or cemented and 
rock units.  The oldest (lowest units) were deposited during the Cretaceous 
Period, from 144 to 65 million years ago.  The youngest part of the wedge 
dates to the Quaternary Period, from 1.8 million years ago to 10,000 years 
ago.  This sediment and sedimentary rock wedge overlies pre-Mesozoic 
(older than 248 million years ago) crystalline basement rock (Horton and 
Zullo, 1991).  A patchy veneer of Holocene (10,000 years ago to present) 
sand and gravel overlies the Quaternary strata in the project area. 
 
C.  Coastal Processes.  Dynamic coastal processes continually shape the 
barrier islands of southeastern North Carolina.  Rivers and streams entering 
Onslow Bay are generally small with low gradients.  Their continentally 
derived sediment loads are therefore not very large.  In addition, much of this 
fluvial sediment becomes trapped within the river estuaries.  This lack of 
significant sediment discharge into Onslow Bay limits the build-up of 
nearshore continental shelf sand deposits.  In other areas along the Atlantic 
coast these nearshore deposits are an important source of sand.  When 
deprived of this source of sand as at Topsail Island, seasonal storms and 
longshore currents can cause episodic severe shoreface erosion and 
migration (Cleary, 1968; Sarle, 1977; Riggs and others, 1996; Cleary 2002).   
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2.  Site Geology 

 
A.  Topsail Island.  Several Oligocene formations outcrop on the nearshore 
floor of Onslow Bay.  These strata extend westward under Topsail Island, 
vertically removed from the island surface.  The stratigraphy and lithology of 
these strata are described below in paragraph “Onslow Bay.”  The geologic 
materials of concern to the project on Topsail Island are the surficial sand 
soils.   
 
Sand soils encountered on the Topsail Island beaches are classified as fine- 
to medium-grained poorly-graded sands according to the Unified Soils 
Classification System.  These sands are the result of a complex combination 
of factors.  Part of the sand is accumulated from storm overwash and 
longshore drift.  Another part results from the biological, chemical, and 
physical erosion of nearshore sedimentary rocks.  Winnowing by wind and 
wave action results in the predominantly fine- to medium-grained poorly-
graded sands on the beach today.    
 
B.  Onslow Bay.  The continental shelf in Onslow Bay is composed of a 
complex sequence of seaward dipping Tertiary age (65 million to 1.8 million 
years ago) strata, which was deposited during an age of periodic sea-level 
fluctuations (Hine and Riggs, 1986; Snyder and others, 1985, 1986; Snyder 
and others, 1991).  
 
The oldest rocks outcropping within the study area are Oligocene age (33.7 
million to 23.8 million years ago) limestones submerged offshore of Topsail 
Island.  Riggs and others (1985) describe these limestones as the Belgrade 
and Trent formations, which consist of “moldic biomicrudite (Folk, 1974) 
limestones with interbedded calcarenite sands and grayish-green calcareous 
quartz sands.”  A stratigraphically similar unit named the River Bend 
Formation, which consists of olive green quartz sand and silt, is reported to 
also underlie areas offshore of Topsail Island (OSI, 2004).  Northeast and 
east of the survey area lies a major unconformity separating the Oligocene 
rock and sediments from the younger Miocene (23.8 million to 5.3 million 
years ago) Pungo River Formation.   
 
Quaternary paleofluvial channels, which generally trend normal to shore, 
crosscut the older strata offshore of Topsail Island.  These channels were 
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down cut during a period of lower sea level elevation.  The paleofluvial 
channels are remnant streambeds, which were infilled with sediments during 
Pliocene to Pleistocene times (1.8 million years ago to 10,000 years ago) 
(Hoffman, C. W. and others, 1994), and were drowned during the Holocene 
sea-level rise (Belknap, 1982; Hine and Snyder, 1985, Snyder and Snyder, 
1992). 
 
Surficial Holocene sedimentary deposits are scarce offshore of Topsail Island 
in Onslow Bay.  Much of the native beach sand is derived from the physical 
and biological erosion of Oligocene rock and strata submerged in Onslow 
Bay. These sediments are then reworked, redistributed and deposited within 
submarine valleys and ridges, or along the shoreface of Topsail Island 
(Cleary, 1968; HDR, 2002; HDR, 2003; Meisburger, 1979; McQuarrie, 1998; 
Riggs and others, 1996; Snyder and Snyder, 1992).  

 
3.  Subsurface Investigation  

 
A.  Geophysical Investigation (refer OSI Report dated 29 Sep 04).   
 

1.  General.  A search for suitable beach fill materials for this project was 
begun offshore in Onslow Bay.  A marine geophysical investigation was 
conducted by Ocean Surveys March 27 to April 17, 2004 in order to locate 
and evaluate potential sand resource areas.  Approximately 315 miles of 
bathymetric and subbottom data were collected along 60 tracklines.  
Twenty-two (22) tracklines were shore-parallel and twenty-eight (28) 
tracklines were run perpendicular to shore along with 10 diagonal tie lines 
to insure thorough coverage.  
 
2.  Sand Borrow Search Area.  Geophysical data was collected in the area 
between 0.5 nautical miles (30 foot isobath) to 5.0 nautical miles offshore 
of Topsail Island. The site stretches nearly 23 nautical miles from Rich 
Inlet to northeast of New River Inlet.  Survey limits were established to 
further resolve sand resource areas identified by earlier surveys. 
 
3.  Geophysical Methods.  Two types of sub-bottom methods were used:  
a “CHIRP Sonar” seismic reflection profiler, which generates a high 
frequency, short duration acoustic pulse providing high resolution of 
shallow sub-bottom strata; and a  “Boomer” seismic reflection profiler 
which uses a low frequency pulse to achieve deeper penetration of the 
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sub-bottom strata.  These were run simultaneously to achieve the best 
possible resolution and penetration.  Augmenting the seismic equipment 
was survey equipment that allowed real-time depth sounding, positioning, 
and motion (heave) corrections. 
 
4.  Positioning System.  A differential global positioning system was used 
to determine position along the seismic lines.  Equipment included a 
Trimble 4000 Global positioning System (GPS) and a Leica MX52R U.S. 
Coast Guard (USCG) Differential Beacon Receiver interfaced with 
HYPACK software.  Navigation fixes were recorded on an onboard PC 
every second. 
 
5.  Depth Sounder.  Bathymetric data was collected at a near continuous 
rate using an Innerspace Model 448 Digital Depth sounder, which 
operated at a frequency of 200 kHz.  Tidal data from the NOAA station in 
Beaufort, North Carolina were used for tidal corrections. 
 
6.  CHIRP Sonar System.  The Contractor accomplished the high-
resolution subbottom profiling utilizing an EdgeTech Xstar Full Spectrum 
“CHIRP” Subbottom Profiler system operating with frequencies of 0.5-12 
kHz.  The system has three components:  a deck unit that is comprised of 
a PC system and amplifier, an underwater cable, and a Model 512 towed 
vehicle that houses the transducers.  The tow fish vehicle emits a high 
frequency FM pulse over the full spectrum range of 0.5-12 kHz for a 20 
millisecond period, and the acoustic return is received by a hydrophone 
array, which allows high resolution of the shallow subsurface. The higher 
frequency yields higher resolution with a tradeoff in lesser depth 
penetration. 
 
7.  Seismic Reflection Profiling System.  Deeper sub-bottom penetration 
was accomplished using an Applied Acoustics 100-300 joule “boomer” 
system comprised of a boomer plate, power supply, hydrophone array, 
TSS-model 360 filter and time-varied-gain system, and an EPC 1086 
thermal paper recorder.  The “boomer” employs a sound source that 
utilizes electrical energy discharged from a capacitor bank to rapidly move 
a metal plate in the transducer bed.  The short duration motion of the 
metal plate creates a broad-band (500-8000 Hz) pressure wave capable 
of penetrating hundreds of feet of marine sediments under favorable site 
conditions. 
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8.  Summary of Geophysical Results 

 
a.  Stratigraphy.  The geophysical and bathymetric surveys showed 
that shallow rock scarps and outcrops dominate and control the 
submarine topography offshore of Topsail Island.  A surficial sand 
horizon was resolved.  However, it is very discontinuous and broken by 
Oligocene rock outcrops.  Erosion and reworking of this rock 
contributes coarse and fine-grained materials to the surficial sand.  
This decreases its aesthetic value as beach fill.  The thickest sequence 
of unconsolidated sediment occurs in or adjacent to the paleochannels.  
These sediments tend to be dominated by estuarine muds and fine 
sands and thus unsuitable as beach fill.  Borrow areas must generally 
be configured to avoid these channels.   
 
b. Vibracore Targets. The subsurface investigation was performed 
between May and November 2003.  The boring locations were based 
on the seismic data available from the geophysical investigation 
conducted by OSI.   
 
c.  Borrow Areas.  The results of the 2004 geophysical survey in 
combination with vibracore data were used to identify potential borrow 
areas within the study area.     
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B. Vibracore Investigation 
 

1.  Field Investigation.  The subsurface investigation was performed 
between May and November 2003.  The criteria for the boring locations 
was between 1 and 6.5 miles from the beach, water depth greater than 30 
feet, and change in seismic profile, which could represent differing soil 
types.  A total of 369 borings were performed in the Topsail Island area, 
167 of which were for the Topsail Beach project.  Borings performed for 
the Topsail Beach project are designated TI-V-1 through TI-V-12A, TI-V-
105 through TI-V-153A, TI-V-170 through TI-V-192, TI-V-194 through TI-
V-246, TI-V-263, and TI-V-363 through TI-V-365 (See Appendix A, Figure 
A-2).  Other borings from TI-V-1 through TI-V-369 not mentioned here 
were performed for the Surf City/North Topsail Beach project.  Borings 
were performed offshore of Topsail Beach, in the Banks Channel behind 
Topsail Beach, in the connecting channel between the Atlantic Intracoastal 
Water Way (AIWW) and New Topsail Inlet, and in New Topsail Inlet. 
 
Borings were performed from the USACE Snagboat SNELL using a 3 7/8 
inch diameter, 20-foot long, Alpine vibracore drill machine.  The sampler 
consists of a metal barrel in which a plastic cylinder or tube is inserted.  
After the plastic tube was inserted, a metal shoe was screwed onto the 
plastic tube and then the metal barrel.  The shoe provided a cutting edge 
for the sampler and retained the plastic tube.  An air-powered vibrator was 
mounted at the upper-most end of the vibracore barrel, and the vibrator 
and the vibracore barrel was mounted to a stand.  This stand was lowered 
to the ocean floor by the Snell’s crane, the vibrator was activated and 
vibrated the vibracore barrel into the ocean sediment.  The sediment 
sample is retained in the plastic tube.  All borings were drilled to a depth of 
20 feet below the ocean floor, unless vibracore refusal was encountered.  
Vibracore refusal was defined as a penetration rate of less than 0.1 feet in 
10 seconds. 
 
2.  Laboratory Analysis.  The recovered vibracore tubes were visually 
classified by Wilmington District personnel in accordance with the Unified 
Soils Classification System (USCS).  Samples were taken at a minimum of 
every two feet or at each change of material.  A total of 1327 samples 
were collected in the Topsail Island area, of which 595 samples were 
tested for this project.  Grain size tests were performed in accordance with 
ASTM D-422 using a fourteen-sieve test and visual classifications were 
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performed in accordance with ASTM D-2488, by Wolf Technologies, Inc.  
The sieves used in these tests were the 3/4, 3/8, Number 4, Number 7, 
Number 10, Number 14, Number 18, Number 25, Number 35, Number 45, 
Number 60, Number 80, Number 120, and Number 230.  Boring logs and 
grain size test results are in Attachment 2 and Attachment 3 respectively. 

 
C. Compatibility Analysis.  The compatibility analysis compares the grain size 
of the “native beach” or the “reference beach” with the material in the 
proposed borrow material.  The overfill ratio is the primary indicator of the 
compatibility of the borrow material to the beach material, with a value of 1.00 
indicating that one cubic yard of borrow material is needed to match one 
cubic yard of beach material.  Six borrow areas were identified as compatible 
for the Topsail Beach project.  An overfill ratio of up to 1.5 is generally 
considered acceptable as a match of compatibility.  The overfill ratios for all of 
the potential borrow areas were below 1.5 indicating they are compatible for 
the Topsail Beach project.  See Appendix E for more information regarding 
the compatibility analysis. 
 
D. Sand Borrow Areas.  Six offshore borrow areas were identified for the 
Topsail Beach project and are labeled as A, B, C, D, E, and F (See Appendix 
A, Figure A-2).  The material classification ranged from clean sand (SP), 
slightly silty sand (SP-SM), with minor amounts of very silty sand (SM), silt 
(MH and ML), and clay (CH).  Banks Channel was initially identified as a 
potential borrow area for material bounded by the authorized channel from 
the Coastal Barrier Resource Act (CBRA) zone to the AIWW.  However, 
Banks Channel has been eliminated as a borrow area due to a negligible 
amount of material available to the project.   
 
The characteristics of each borrow area is shown in Table C-1.  As shown in 
this table, the borrow areas are typically between 1 and 6.5 miles offshore 
and contain material with approximately 10% or less passing the #200 sieve.  
The borrow areas have bottom depths of less than 66 feet.  The total 
estimated volume in all potential borrow areas is 21,100,000 cubic yards. 
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4. Conclusion 
 
Based on the total estimated volume in the borrow areas, there is an adequate 
quantity of suitable beach quality material to complete the full 50-year life of the 
project.  For a complete description of the borrow area materials and the sand 
compatibility see Appendix E, Sand Compatibility Analysis.   
 
Areas to be used for borrow will be further defined during the plans and 
specifications phase of this project.  Additional borings and/or geophysical 
surveys will be performed to better delineate the borrow area boundaries and 
material types.  Vibracore borings will be performed in a grid pattern, on a 500 
foot to 1000 foot spacing, in any area prior to its use as a borrow source. 
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Table C-1 

Topsail Beach Borrow Area Characteristics 
 
Borrow Area Composite Grain 

Size 
Silt Content 
(#200 Sieve)

Estimated 
Volume  

(cy) 

Distance 
offshore 
(miles) 

Surface 
Elevation 

( ft. MLLW) 
A 2.35 phi (0.20 mm) 7.6% 13,200,000 1 to 3 -38.5 to –48.2 
B 2.17 phi (0.22 mm) 5% 820,000 1.5 to 2.5 -42.2 to –43.2 
C 2.32 phi (0.20 mm) 4.4% 2,570,000 4 to 5.5 -45.5 to -47.7 
D 2.13 phi (0.23 mm) 6% 1,860,000 3.5 to 4.5 -43.5 to –46.9 
E 2.15 phi (0.23 mm) 3.4% 1,390,000 4.5 to 5.5 -49 to –50 
F 0.80 phi (0.57 mm) 4.9% 1,290,000 4.5 to 5.5 -47.2 to -48 

Total Estimated Volume is 21,100,000 cubic yards 
  
cy - cubic yards 
mm - millimeter 
MLLW – Mean Low Low Water 
NA – Not applicable 

   



















































































































































































































































































































































































































































































































































  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth:
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-TOE
Sample No.: 1
Description:

Tare Weight, (g):  50.35
166.07 (with tare)

Dry Weight After Washing (g): 166.03 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.00 100.00 0 0.00
#18 1.000 0.02 99.98 5 0.00
#25 0.710 0.05 99.94 10 0.01
#35 0.500 0.15 99.81 10 0.02
#45 0.355 0.84 99.08 5 0.04
#60 0.250 12.04 88.68 5 0.60
#80 0.180 84.35 15.79 3 2.53
#120 0.125 16.06 1.91 1 0.16
#170 0.090 2.00 0.18 1 0.02
#230 0.063 0.21 0.00 1 0.00

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
very pale brown (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

3 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-TOEBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, very pale brown 

(SP)

Sample No.
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: CREST
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-CREST
Sample No.: 1
Description:

Tare Weight, (g):  50.11
150.55 (with tare)

Dry Weight After Washing (g): 150.46 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.01 99.99 0 0.00
#18 1.000 0.02 99.97 0 0.00
#25 0.710 0.05 99.92 10 0.01
#35 0.500 0.06 99.86 15 0.01
#45 0.355 0.49 99.37 20 0.10
#60 0.250 6.49 92.91 5 0.32
#80 0.180 72.34 20.89 3 2.17
#120 0.125 18.26 2.71 1 0.18
#170 0.090 2.06 0.66 1 0.02
#230 0.063 0.28 0.38 1 0.00

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
light gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

3 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-CRESTBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, light gray (SP)
CREST
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth:
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-MHW
Sample No.: 1
Description:

Tare Weight, (g):  50.07
129.94 (with tare)

Dry Weight After Washing (g): 129.74 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.97 100 0.02
#10 2.000 0.03 99.94 100 0.03
#14 1.400 0.34 99.51 100 0.34
#18 1.000 1.00 98.26 90 0.90
#25 0.710 2.51 95.12 70 1.76
#35 0.500 6.50 86.98 45 2.93
#45 0.355 12.17 71.74 20 2.43
#60 0.250 18.95 48.02 10 1.90
#80 0.180 26.69 14.60 3 0.80
#120 0.125 10.55 1.39 1 0.11
#170 0.090 0.35 0.95 1 0.00
#230 0.063 0.02 0.93 1 0.00

Total Shell Content:  14 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

14 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-MHWBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth:
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-MSL
Sample No.: 1
Description:

Tare Weight, (g):  49.88
174.85 (with tare)

Dry Weight After Washing (g): 173.82 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.68 99.46 100 0.68
#7 2.800 1.09 98.58 100 1.09
#10 2.000 1.06 97.74 100 1.06
#14 1.400 3.64 94.82 80 2.91
#18 1.000 5.11 90.73 75 3.83
#25 0.710 7.12 85.04 60 4.27
#35 0.500 12.62 74.94 45 5.68
#45 0.355 19.64 59.22 30 5.89
#60 0.250 22.70 41.06 10 2.27
#80 0.180 34.79 13.22 1 0.35
#120 0.125 14.47 1.64 1 0.14
#170 0.090 0.71 1.07 1 0.01
#230 0.063 0.03 1.05 1 0.00

Total Shell Content:  23 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

23 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-MSLBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth:
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-MLW
Sample No.: 1
Description:

Tare Weight, (g):  49.98
158.88 (with tare)

Dry Weight After Washing (g): 158.18 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 4.23 96.12 100 4.23
#7 2.800 4.51 91.97 100 4.51
#10 2.000 6.97 85.57 100 6.97
#14 1.400 15.28 71.54 85 12.99
#18 1.000 18.36 54.68 70 12.85
#25 0.710 15.02 40.89 65 9.76
#35 0.500 9.38 32.28 45 4.22
#45 0.355 7.25 25.62 30 2.18
#60 0.250 8.02 18.26 10 0.80
#80 0.180 11.30 7.88 3 0.34
#120 0.125 6.01 2.36 1 0.06
#170 0.090 0.12 2.25 1 0.00
#230 0.063 0.01 2.24 1 0.00

Total Shell Content:  54 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly coarse to medium-grained carbonate, 
some medium to fine-grained quartz, gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

54
Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly coarse to 

medium-grained carbonate, some medium 
to fine-grained quartz, gray (SP)

Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-MLWBoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -3
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-3
Sample No.: 1
Description:

Tare Weight, (g):  50.03
159.64 (with tare)

Dry Weight After Washing (g): 159.32 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.51 99.53 100 0.51
#10 2.000 0.70 98.90 100 0.70
#14 1.400 1.24 97.76 95 1.18
#18 1.000 1.59 96.31 80 1.27
#25 0.710 1.80 94.67 70 1.26
#35 0.500 2.85 92.07 45 1.28
#45 0.355 15.11 78.29 20 3.02
#60 0.250 61.61 22.08 3 1.85
#80 0.180 17.71 5.92 1 0.18
#120 0.125 5.74 0.68 1 0.06
#170 0.090 0.33 0.38 1 0.00
#230 0.063 0.02 0.36 1 0.00

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

10 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-3Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-3

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -4
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-4
Sample No.: 1
Description:

Tare Weight, (g):  49.70
152.47 (with tare)

Dry Weight After Washing (g): 151.84 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.46 99.55 100 0.46
#10 2.000 1.13 98.45 100 1.13
#14 1.400 3.93 94.63 95 3.73
#18 1.000 7.38 87.45 75 5.54
#25 0.710 9.74 77.97 65 6.33
#35 0.500 12.17 66.13 50 6.09
#45 0.355 13.55 52.94 25 3.39
#60 0.250 13.83 39.49 10 1.38
#80 0.180 23.82 16.31 3 0.71
#120 0.125 14.44 2.26 1 0.14
#170 0.090 1.46 0.84 1 0.01
#230 0.063 0.06 0.78 1 0.00

Total Shell Content:  28 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, some carbonate, 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

28 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-4Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, some carbonate, gray (SP)
-4

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -6
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-6
Sample No.: 1
Description:

Tare Weight, (g):  50.56
150.11 (with tare)

Dry Weight After Washing (g): 147.17 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.10 99.90 100 0.10
#14 1.400 0.09 99.81 99 0.09
#18 1.000 0.12 99.69 95 0.11
#25 0.710 0.22 99.47 85 0.19
#35 0.500 0.33 99.14 60 0.20
#45 0.355 0.59 98.54 20 0.12
#60 0.250 2.52 96.01 5 0.13
#80 0.180 41.32 54.51 1 0.41
#120 0.125 47.07 7.22 1 0.47
#170 0.090 5.94 1.26 1 0.06
#230 0.063 0.40 0.85 1 0.00

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

2 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-6Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
-6

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -8
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-8
Sample No.: 1
Description:

Tare Weight, (g):  50.64
141.4 (with tare)

Dry Weight After Washing (g): 140.44 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.01 99.99 100 0.01
#14 1.400 0.06 99.92 100 0.06
#18 1.000 0.12 99.79 100 0.12
#25 0.710 0.17 99.60 70 0.12
#35 0.500 0.29 99.28 40 0.12
#45 0.355 0.71 98.50 20 0.14
#60 0.250 3.32 94.84 5 0.17
#80 0.180 43.94 46.43 1 0.44
#120 0.125 34.43 8.49 1 0.34
#170 0.090 6.24 1.62 1 0.06
#230 0.063 0.65 0.90 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

2 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-8Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
-8

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -10
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-10
Sample No.: 1
Description:

Tare Weight, (g):  49.71
143.61 (with tare)

Dry Weight After Washing (g): 142.67 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.02 99.98 100 0.02
#7 2.800 0.02 99.96 100 0.02
#10 2.000 0.02 99.94 100 0.02
#14 1.400 0.04 99.89 100 0.04
#18 1.000 0.11 99.78 95 0.10
#25 0.710 0.12 99.65 95 0.11
#35 0.500 0.27 99.36 60 0.16
#45 0.355 0.66 98.66 25 0.17
#60 0.250 3.29 95.15 5 0.16
#80 0.180 47.04 45.06 1 0.47
#120 0.125 35.83 6.90 1 0.36
#170 0.090 5.17 1.40 1 0.05
#230 0.063 0.49 0.87 1 0.00

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

2 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-10Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
-10

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -12
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-12
Sample No.: 1
Description:

Tare Weight, (g):  50.25
154.12 (with tare)

Dry Weight After Washing (g): 152.89 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.03 99.97 100 0.03
#14 1.400 0.05 99.92 100 0.05
#18 1.000 0.05 99.87 100 0.05
#25 0.710 0.13 99.75 99 0.13
#35 0.500 0.21 99.55 65 0.14
#45 0.355 0.51 99.06 40 0.20
#60 0.250 3.16 96.01 10 0.32
#80 0.180 62.34 36.00 3 1.87
#120 0.125 30.62 6.52 1 0.31
#170 0.090 5.21 1.50 1 0.05
#230 0.063 0.47 1.05 1 0.00

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

3 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-12Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
-12

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -14
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-14
Sample No.: 1
Description:

Tare Weight, (g):  50.49
139.49 (with tare)

Dry Weight After Washing (g): 138.53 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.03 99.97 100 0.03
#18 1.000 0.05 99.91 100 0.05
#25 0.710 0.08 99.82 90 0.07
#35 0.500 0.19 99.61 45 0.09
#45 0.355 0.36 99.20 25 0.09
#60 0.250 2.63 96.25 15 0.39
#80 0.180 36.95 54.73 3 1.11
#120 0.125 41.87 7.69 1 0.42
#170 0.090 5.51 1.49 1 0.06
#230 0.063 0.43 1.01 1 0.00

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

3 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-14Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
-14

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -16
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-16
Sample No.: 1
Description:

Tare Weight, (g):  50.61
139.5 (with tare)

Dry Weight After Washing (g): 138.64 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 100 0.02
#14 1.400 0.06 99.91 100 0.06
#18 1.000 0.07 99.83 100 0.07
#25 0.710 0.12 99.70 98 0.12
#35 0.500 0.32 99.34 55 0.18
#45 0.355 0.90 98.32 30 0.27
#60 0.250 4.58 93.17 10 0.46
#80 0.180 52.34 34.29 3 1.57
#120 0.125 24.87 6.31 1 0.25
#170 0.090 4.44 1.32 1 0.04
#230 0.063 0.39 0.88 1 0.00

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

3 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-16Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
-16

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -18
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-18
Sample No.: 1
Description:

Tare Weight, (g):  50.05
148.26 (with tare)

Dry Weight After Washing (g): 147 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.04 99.96 100 0.04
#14 1.400 0.01 99.95 100 0.01
#18 1.000 0.03 99.92 75 0.02
#25 0.710 0.02 99.90 75 0.02
#35 0.500 0.07 99.83 70 0.05
#45 0.355 0.24 99.58 40 0.10
#60 0.250 1.62 97.93 20 0.32
#80 0.180 49.11 47.93 3 1.47
#120 0.125 39.73 7.47 1 0.40
#170 0.090 5.69 1.68 1 0.06
#230 0.063 0.56 1.11 1 0.01

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
grayish brown (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

3 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-18Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, grayish brown (SP)
-18

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -20
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-20
Sample No.: 1
Description:

Tare Weight, (g):  50.36
157.76 (with tare)

Dry Weight After Washing (g): 156.6 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.12 99.89 100 0.12
#10 2.000 0.02 99.87 100 0.02
#14 1.400 0.04 99.83 100 0.04
#18 1.000 0.08 99.76 95 0.08
#25 0.710 0.17 99.60 80 0.14
#35 0.500 0.38 99.25 40 0.15
#45 0.355 1.01 98.31 20 0.20
#60 0.250 4.99 93.66 15 0.75
#80 0.180 60.50 37.33 3 1.82
#120 0.125 32.95 6.65 1 0.33
#170 0.090 5.46 1.56 1 0.05
#230 0.063 0.36 1.23 1 0.00

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

3 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-20Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
-20

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -22
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-22
Sample No.: 1
Description:

Tare Weight, (g):  49.82
167.29 (with tare)

Dry Weight After Washing (g): 165.51 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.06 99.95 100 0.06
#10 2.000 0.00 99.95 0 0.00
#14 1.400 0.01 99.94 100 0.01
#18 1.000 0.03 99.91 98 0.03
#25 0.710 0.03 99.89 90 0.03
#35 0.500 0.06 99.84 90 0.05
#45 0.355 0.18 99.69 50 0.09
#60 0.250 1.42 98.48 25 0.36
#80 0.180 71.13 37.92 5 3.56
#120 0.125 36.46 6.89 3 1.09
#170 0.090 5.75 1.99 1 0.06
#230 0.063 0.55 1.52 1 0.01

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, very 
dark gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

5 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-22Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, very dark gray (SP)

-22
Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -24
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB1-24
Sample No.: 1
Description:

Tare Weight, (g):  49.87
140.44 (with tare)

Dry Weight After Washing (g): 139.45 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.04 99.94 100 0.04
#14 1.400 0.04 99.90 100 0.04
#18 1.000 0.05 99.85 100 0.05
#25 0.710 0.06 99.78 95 0.06
#35 0.500 0.13 99.64 95 0.12
#45 0.355 0.24 99.37 80 0.19
#60 0.250 1.41 97.81 40 0.56
#80 0.180 55.98 36.01 5 2.80
#120 0.125 26.89 6.32 3 0.81
#170 0.090 4.49 1.36 1 0.04
#230 0.063 0.38 0.94 1 0.00

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, light 
brownish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

5 Project1 Topsail Beach, Surf City & North Topsail

Area
TB1-24Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, light brownish gray 

(SP)

-24
Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth:
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB2-TOE
Sample No.: 1
Description:

Tare Weight, (g):  49.81
171.8 (with tare)

Dry Weight After Washing (g): 170.75 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.15 99.88 100 0.15
#7 2.800 1.25 98.85 100 1.25
#10 2.000 2.45 96.84 90 2.21
#14 1.400 6.31 91.67 85 5.36
#18 1.000 10.00 83.47 75 7.50
#25 0.710 10.14 75.16 70 7.10
#35 0.500 8.59 68.12 55 4.72
#45 0.355 8.39 61.24 30 2.52
#60 0.250 22.59 42.72 15 3.39
#80 0.180 38.17 11.44 5 1.91
#120 0.125 10.33 2.97 3 0.31
#170 0.090 2.32 1.07 1 0.02
#230 0.063 0.25 0.86 1 0.00

Total Shell Content:  30 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, some carbonate, 
light gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

30 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-TOEBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, some carbonate, light gray (SP)

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 0
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB2-CREST
Sample No.: 1
Description:

Tare Weight, (g):  49.54
144.4 (with tare)

Dry Weight After Washing (g): 144 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 100 0.02
#14 1.400 0.03 99.95 100 0.03
#18 1.000 0.26 99.67 98 0.25
#25 0.710 0.84 98.79 80 0.67
#35 0.500 2.45 96.20 45 1.10
#45 0.355 5.43 90.48 25 1.36
#60 0.250 15.35 74.30 10 1.54
#80 0.180 55.80 15.48 3 1.67
#120 0.125 13.01 1.76 1 0.13
#170 0.090 0.91 0.80 1 0.01
#230 0.063 0.04 0.76 1 0.00

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, light 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, light gray (SP)
0 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-CRESTBoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth:
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB2-MHW
Sample No.: 1
Description:

Tare Weight, (g):  50.91
145.76 (with tare)

Dry Weight After Washing (g): 145.47 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.31 99.67 100 0.31
#7 2.800 1.50 98.09 100 1.50
#10 2.000 2.80 95.14 80 2.24
#14 1.400 6.88 87.89 80 5.50
#18 1.000 10.33 77.00 75 7.75
#25 0.710 11.37 65.01 70 7.96
#35 0.500 10.39 54.05 55 5.71
#45 0.355 9.94 43.57 40 3.98
#60 0.250 14.01 28.80 10 1.40
#80 0.180 19.53 8.21 3 0.59
#120 0.125 7.21 0.61 1 0.07
#170 0.090 0.23 0.37 1 0.00
#230 0.063 0.01 0.36 1 0.00

Total Shell Content:  39 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, some 
carbonate, brownish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

39 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-MHWBoring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, some carbonate, 
brownish gray (SP)

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 0
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB2-MSL
Sample No.: 1
Description:

Tare Weight, (g):  50.88
159.74 (with tare)

Dry Weight After Washing (g): 158.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.30 99.72 0 0.00
#7 2.800 0.49 99.27 80 0.39
#10 2.000 1.43 97.96 95 1.36
#14 1.400 4.33 93.98 85 3.68
#18 1.000 5.56 88.88 70 3.89
#25 0.710 4.77 84.49 65 3.10
#35 0.500 5.97 79.01 50 2.99
#45 0.355 10.94 68.96 35 3.83
#60 0.250 21.79 48.94 15 3.27
#80 0.180 40.87 11.40 5 2.04
#120 0.125 10.64 1.63 3 0.32
#170 0.090 0.47 1.19 1 0.00
#230 0.063 0.01 1.19 1 0.00

Total Shell Content:  23 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

23 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-MSLBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)
0

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth:
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB2-MLW
Sample No.: 1
Description:

Tare Weight, (g):  47.96
215.62 (with tare)

Dry Weight After Washing (g): 214.57 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.58 99.06 100 1.58
#7 2.800 5.38 95.85 100 5.38
#10 2.000 7.48 91.39 75 5.61
#14 1.400 14.12 82.97 70 9.88
#18 1.000 18.98 71.64 65 12.34
#25 0.710 22.21 58.40 65 14.44
#35 0.500 20.50 46.17 60 12.30
#45 0.355 16.00 36.63 35 5.60
#60 0.250 19.89 24.76 15 2.98
#80 0.180 30.50 6.57 3 0.92
#120 0.125 9.06 1.17 1 0.09
#170 0.090 0.26 1.01 1 0.00
#230 0.063 0.01 1.01 1 0.00

Total Shell Content:  42 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, some 
carbonate, gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

42 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-MLWBoring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, some carbonate, gray 
(SP)

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -3
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB2-3
Sample No.: 1
Description:

Tare Weight, (g):  49.87
183.7 (with tare)

Dry Weight After Washing (g): 183.06 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 7.07 94.72 95 6.72
#7 2.800 10.54 86.84 75 7.91
#10 2.000 8.57 80.44 70 6.00
#14 1.400 8.52 74.07 65 5.54
#18 1.000 6.33 69.34 65 4.11
#25 0.710 5.92 64.92 55 3.26
#35 0.500 6.45 60.10 50 3.23
#45 0.355 9.38 53.09 40 3.75
#60 0.250 24.33 34.91 20 4.87
#80 0.180 36.26 7.82 3 1.09
#120 0.125 9.55 0.68 1 0.10
#170 0.090 0.27 0.48 1 0.00
#230 0.063 0.03 0.46 1 0.00

Total Shell Content:  35 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, some 
carbonate, trace rock fragments, gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

35 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-3Boring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, some carbonate, trace 
rock fragments, gray (SP)

-3
Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -4
Project No.: 1584-01-40 Date: 7/25/2003
Boring No.: TB2-4
Sample No.: 1
Description:

Tare Weight, (g):  49.78
146.38 (with tare)

Dry Weight After Washing (g): 145.4 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.22 99.77 100 0.22
#10 2.000 0.20 99.57 100 0.20
#14 1.400 0.71 98.83 95 0.67
#18 1.000 1.10 97.69 90 0.99
#25 0.710 1.33 96.31 75 1.00
#35 0.500 2.02 94.22 60 1.21
#45 0.355 3.38 90.72 40 1.35
#60 0.250 7.68 82.77 15 1.15
#80 0.180 49.48 31.55 3 1.48
#120 0.125 26.60 4.02 1 0.27
#170 0.090 2.87 1.05 1 0.03
#230 0.063 0.20 0.84 1 0.00

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

9 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-4Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-4

Sample No.

GRADATION CURVES
7/25/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -6
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB2-6
Sample No.: 1
Description:

Tare Weight, (g):  50.13
136.16 (with tare)

Dry Weight After Washing (g): 135.22 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.12 99.86 100 0.12
#10 2.000 0.11 99.73 100 0.11
#14 1.400 0.31 99.37 95 0.29
#18 1.000 0.29 99.04 95 0.28
#25 0.710 0.28 98.71 80 0.22
#35 0.500 0.48 98.15 45 0.22
#45 0.355 0.67 97.37 40 0.27
#60 0.250 2.78 94.14 20 0.56
#80 0.180 49.38 36.74 3 1.48
#120 0.125 26.12 6.38 1 0.26
#170 0.090 4.36 1.31 1 0.04
#230 0.063 0.27 1.00 1 0.00

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

4 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-6Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
-6

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -8
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB2-8
Sample No.: 1
Description:

Tare Weight, (g):  49.85
153.65 (with tare)

Dry Weight After Washing (g): 152.48 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.33 99.68 100 0.33
#10 2.000 0.20 99.49 85 0.17
#14 1.400 0.56 98.95 80 0.45
#18 1.000 0.66 98.31 80 0.53
#25 0.710 0.93 97.42 70 0.65
#35 0.500 1.53 95.94 55 0.84
#45 0.355 2.26 93.77 40 0.90
#60 0.250 3.92 89.99 15 0.59
#80 0.180 37.95 53.43 3 1.14
#120 0.125 43.66 11.37 1 0.44
#170 0.090 9.41 2.30 1 0.09
#230 0.063 1.60 0.76 1 0.02

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-8 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-8Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -15
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB2-10
Sample No.: 1
Description:

Tare Weight, (g):  50.29
144.75 (with tare)

Dry Weight After Washing (g): 143.73 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.34 99.64 100 0.34
#7 2.800 0.63 98.97 100 0.63
#10 2.000 0.53 98.41 80 0.42
#14 1.400 1.11 97.24 80 0.89
#18 1.000 1.09 96.08 75 0.82
#25 0.710 1.22 94.79 70 0.85
#35 0.500 1.69 93.00 50 0.85
#45 0.355 2.23 90.64 40 0.89
#60 0.250 3.75 86.67 20 0.75
#80 0.180 30.23 54.67 3 0.91
#120 0.125 40.55 11.74 1 0.41
#170 0.090 8.94 2.28 1 0.09
#230 0.063 1.27 0.93 1 0.01

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

8 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-10Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-15

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -12
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB2-12
Sample No.: 1
Description:

Tare Weight, (g):  50.49
161.7 (with tare)

Dry Weight After Washing (g): 160.34 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.55 98.61 100 1.55
#7 2.800 0.51 98.15 100 0.51
#10 2.000 0.50 97.70 90 0.45
#14 1.400 0.33 97.40 85 0.28
#18 1.000 0.29 97.14 85 0.25
#25 0.710 0.22 96.94 90 0.20
#35 0.500 0.34 96.64 75 0.26
#45 0.355 0.63 96.07 45 0.28
#60 0.250 3.13 93.26 15 0.47
#80 0.180 53.62 45.04 5 2.68
#120 0.125 39.21 9.78 3 1.18
#170 0.090 8.73 1.93 1 0.09
#230 0.063 1.28 0.78 1 0.01

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, bluish gray (SP)
-12 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-12Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -14
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB2-14
Sample No.: 1
Description:

Tare Weight, (g):  50.53
130.01 (with tare)

Dry Weight After Washing (g): 129.09 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.25 99.69 100 0.25
#10 2.000 0.07 99.60 100 0.07
#14 1.400 0.07 99.51 100 0.07
#18 1.000 0.08 99.41 100 0.08
#25 0.710 0.10 99.28 75 0.08
#35 0.500 0.18 99.06 65 0.12
#45 0.355 0.55 98.36 25 0.14
#60 0.250 1.43 96.57 10 0.14
#80 0.180 25.00 65.11 3 0.75
#120 0.125 42.11 12.13 1 0.42
#170 0.090 8.11 1.93 1 0.08
#230 0.063 0.98 0.69 1 0.01

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, bluish gray (SP)

-14 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-14Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -16
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB2-16
Sample No.: 1
Description:

Tare Weight, (g):  49.88
145.11 (with tare)

Dry Weight After Washing (g): 143.85 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.10 99.89 100 0.10
#10 2.000 0.02 99.87 100 0.02
#14 1.400 0.04 99.83 100 0.04
#18 1.000 0.11 99.72 100 0.11
#25 0.710 0.12 99.59 100 0.12
#35 0.500 0.26 99.32 75 0.20
#45 0.355 0.55 98.74 55 0.30
#60 0.250 2.51 96.10 30 0.75
#80 0.180 38.37 55.81 3 1.15
#120 0.125 43.75 9.87 1 0.44
#170 0.090 7.18 2.33 1 0.07
#230 0.063 1.01 1.27 1 0.01

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, bluish gray (SP)

-16 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-16Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -18
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB2-18
Sample No.: 1
Description:

Tare Weight, (g):  49.84
139.42 (with tare)

Dry Weight After Washing (g): 138.27 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.07 99.92 100 0.07
#10 2.000 0.09 99.82 100 0.09
#14 1.400 0.15 99.65 100 0.15
#18 1.000 0.09 99.55 100 0.09
#25 0.710 0.17 99.36 98 0.17
#35 0.500 0.27 99.06 65 0.18
#45 0.355 0.59 98.40 40 0.24
#60 0.250 2.90 95.17 15 0.44
#80 0.180 29.38 62.37 3 0.88
#120 0.125 46.34 10.64 3 1.39
#170 0.090 7.41 2.37 1 0.07
#230 0.063 0.91 1.35 1 0.01

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
very dark bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

4 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-18Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, very dark bluish 

gray (SP)

-18
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -20
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB2-20
Sample No.: 1
Description:

Tare Weight, (g):  49.97
143.96 (with tare)

Dry Weight After Washing (g): 142.69 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.06 99.94 100 0.06
#10 2.000 0.09 99.84 100 0.09
#14 1.400 0.18 99.65 100 0.18
#18 1.000 0.19 99.45 100 0.19
#25 0.710 0.17 99.27 95 0.16
#35 0.500 0.27 98.98 75 0.20
#45 0.355 0.48 98.47 55 0.26
#60 0.250 2.11 96.22 20 0.42
#80 0.180 35.82 58.11 3 1.07
#120 0.125 41.42 14.04 3 1.24
#170 0.090 10.20 3.19 1 0.10
#230 0.063 1.64 1.45 1 0.02

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

4 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-20Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, bluish gray (SP)

-20
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -22
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB2-22
Sample No.: 1
Description:

Tare Weight, (g):  49.72
161.18 (with tare)

Dry Weight After Washing (g): 159.68 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.26 99.77 100 0.26
#7 2.800 0.41 99.40 100 0.41
#10 2.000 0.28 99.15 100 0.28
#14 1.400 0.35 98.83 100 0.35
#18 1.000 0.27 98.59 98 0.26
#25 0.710 0.31 98.31 95 0.29
#35 0.500 0.42 97.94 70 0.29
#45 0.355 0.87 97.16 45 0.39
#60 0.250 2.98 94.48 15 0.45
#80 0.180 54.04 46.00 5 2.70
#120 0.125 37.61 12.26 3 1.13
#170 0.090 10.52 2.82 1 0.11
#230 0.063 1.90 1.11 1 0.02

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, bluish gray (SP)
-22 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-22Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -24
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB2-24
Sample No.: 1
Description:

Tare Weight, (g):  48.53
157.5 (with tare)

Dry Weight After Washing (g): 155.1 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.13 99.88 100 0.13
#7 2.800 0.42 99.50 100 0.42
#10 2.000 0.34 99.18 100 0.34
#14 1.400 0.54 98.69 100 0.54
#18 1.000 0.62 98.12 100 0.62
#25 0.710 0.79 97.39 95 0.75
#35 0.500 1.19 96.30 70 0.83
#45 0.355 2.06 94.41 35 0.72
#60 0.250 3.81 90.91 15 0.57
#80 0.180 41.13 53.17 5 2.06
#120 0.125 45.71 11.22 3 1.37
#170 0.090 8.25 3.65 1 0.08
#230 0.063 1.67 2.12 1 0.02

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, 
brownish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

8
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, brownish gray (SP)

-24 Project1 Topsail Beach, Surf City & North Topsail

Area
TB2-24Boring No.

Classification

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth:
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-TOE
Sample No.: 1
Description:

Tare Weight, (g):  50.34
156.73 (with tare)

Dry Weight After Washing (g): 156.72 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.58 99.45 100 0.58
#10 2.000 0.64 98.85 75 0.48
#14 1.400 1.33 97.60 70 0.93
#18 1.000 2.80 94.97 60 1.68
#25 0.710 4.13 91.09 45 1.86
#35 0.500 6.99 84.52 40 2.80
#45 0.355 19.03 66.63 25 4.76
#60 0.250 40.09 28.95 10 4.01
#80 0.180 24.06 6.34 5 1.20
#120 0.125 5.25 1.40 3 0.16
#170 0.090 1.04 0.42 1 0.01
#230 0.063 0.07 0.36 1 0.00

Total Shell Content:  17 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, light 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

17
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, light gray (SP)
Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-TOEBoring No.

Classification

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: +7
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-CREST
Sample No.: 1
Description:

Tare Weight, (g):  50.20
140.52 (with tare)

Dry Weight After Washing (g): 140.4 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.00 100.00 0 0.00
#18 1.000 0.05 99.94 90 0.05
#25 0.710 0.05 99.89 75 0.04
#35 0.500 0.19 99.68 40 0.08
#45 0.355 1.30 98.24 30 0.39
#60 0.250 11.37 85.65 15 1.71
#80 0.180 58.56 20.81 5 2.93
#120 0.125 17.06 1.93 3 0.51
#170 0.090 1.47 0.30 1 0.01
#230 0.063 0.19 0.09 1 0.00

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, light 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, light gray (SP)
+7 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-CRESTBoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: +2.1
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-MHW
Sample No.: 1
Description:

Tare Weight, (g):  50.16
142.98 (with tare)

Dry Weight After Washing (g): 142.62 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.00 100.00 0 0.00
#18 1.000 0.07 99.92 100 0.07
#25 0.710 0.16 99.75 98 0.16
#35 0.500 0.72 98.98 55 0.40
#45 0.355 4.32 94.32 30 1.30
#60 0.250 21.63 71.02 20 4.33
#80 0.180 53.08 13.83 5 2.65
#120 0.125 11.48 1.47 3 0.34
#170 0.090 1.18 0.19 1 0.01
#230 0.063 0.17 0.01 1 0.00

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, light 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

10
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, light gray (SP)
+2.1 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-MHWBoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 0
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-MSL
Sample No.: 1
Description:

Tare Weight, (g):  50.21
151.67 (with tare)

Dry Weight After Washing (g): 150.75 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.11 99.89 100 0.11
#18 1.000 0.16 99.73 90 0.14
#25 0.710 0.41 99.33 85 0.35
#35 0.500 2.56 96.81 45 1.15
#45 0.355 14.17 82.84 30 4.25
#60 0.250 29.92 53.35 20 5.98
#80 0.180 40.97 12.97 5 2.05
#120 0.125 11.51 1.63 3 0.35
#170 0.090 0.43 1.20 1 0.00
#230 0.063 0.05 1.15 1 0.00

Total Shell Content:  14 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
brownish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

14
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, little carbonate, brownish gray (SP)

0 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-MSLBoring No.

Classification

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -1.9
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-MLW
Sample No.: 1
Description:

Tare Weight, (g):  50.65
163.98 (with tare)

Dry Weight After Washing (g): 162.95 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.07 99.94 100 0.07
#10 2.000 0.13 99.82 100 0.13
#14 1.400 0.70 99.21 100 0.70
#18 1.000 2.14 97.32 80 1.71
#25 0.710 6.81 91.31 60 4.09
#35 0.500 14.33 78.66 55 7.88
#45 0.355 17.70 63.05 30 5.31
#60 0.250 20.76 44.73 15 3.11
#80 0.180 36.43 12.58 3 1.09
#120 0.125 12.06 1.94 1 0.12
#170 0.090 0.67 1.35 1 0.01
#230 0.063 0.05 1.31 1 0.00

Total Shell Content:  21 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
brownish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

21
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, little carbonate, brownish gray (SP)

-1.9 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-MLWBoring No.

Classification

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -3
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-3
Sample No.: 1
Description:

Tare Weight, (g):  49.89
167.81 (with tare)

Dry Weight After Washing (g): 167.13 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.05 99.11 100 1.05
#7 2.800 2.02 97.40 100 2.02
#10 2.000 3.57 94.37 95 3.39
#14 1.400 9.34 86.45 90 8.41
#18 1.000 13.59 74.92 70 9.51
#25 0.710 14.78 62.39 70 10.35
#35 0.500 13.72 50.75 60 8.23
#45 0.355 13.58 39.24 40 5.43
#60 0.250 16.84 24.96 10 1.68
#80 0.180 20.91 7.23 3 0.63
#120 0.125 7.56 0.81 1 0.08
#170 0.090 0.25 0.60 1 0.00
#230 0.063 0.02 0.59 1 0.00

Total Shell Content:  43 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, some 
carbonate, brownish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

43
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly medium to 

fine-grained quartz, some carbonate, 
brownish gray (SP)

-3 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-3Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -4
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-4
Sample No.: 1
Description:

Tare Weight, (g):  50.05
149.91 (with tare)

Dry Weight After Washing (g): 148.96 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.23 99.77 100 0.23
#10 2.000 0.30 99.47 100 0.30
#14 1.400 0.62 98.85 90 0.56
#18 1.000 1.36 97.49 90 1.22
#25 0.710 2.03 95.45 75 1.52
#35 0.500 3.46 91.99 60 2.08
#45 0.355 6.18 85.80 40 2.47
#60 0.250 14.31 71.47 15 2.15
#80 0.180 47.03 24.37 5 2.35
#120 0.125 21.10 3.24 3 0.63
#170 0.090 2.64 0.60 1 0.03
#230 0.063 0.27 0.33 1 0.00

Total Shell Content:  14 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

14
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)
-4 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-4Boring No.

Classification

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -6
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-6
Sample No.: 1
Description:

Tare Weight, (g):  49.20
162.51 (with tare)

Dry Weight After Washing (g): 161.67 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.84 99.26 85 0.71
#10 2.000 1.17 98.23 85 0.99
#14 1.400 3.13 95.46 70 2.19
#18 1.000 5.76 90.38 65 3.74
#25 0.710 7.47 83.79 60 4.48
#35 0.500 8.61 76.19 60 5.17
#45 0.355 9.16 68.11 25 2.29
#60 0.250 12.57 57.01 15 1.89
#80 0.180 39.77 21.91 3 1.19
#120 0.125 21.70 2.76 1 0.22
#170 0.090 2.06 0.94 1 0.02
#230 0.063 0.12 0.84 1 0.00

Total Shell Content:  20 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

20 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-6Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)
-6

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -8
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-8
Sample No.: 1
Description:

Tare Weight, (g):  50.18
137.16 (with tare)

Dry Weight After Washing (g): 136.37 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.11 99.87 100 0.11
#10 2.000 0.09 99.77 100 0.09
#14 1.400 0.39 99.32 95 0.37
#18 1.000 0.55 98.69 90 0.50
#25 0.710 0.56 98.05 75 0.42
#35 0.500 0.71 97.23 65 0.46
#45 0.355 0.78 96.33 40 0.31
#60 0.250 2.26 93.73 65 1.47
#80 0.180 42.97 44.33 3 1.29
#120 0.125 32.48 6.99 3 0.97
#170 0.090 5.39 0.79 1 0.05
#230 0.063 0.49 0.23 1 0.00

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

7 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-8Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-8

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -10
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-10
Sample No.: 1
Description:

Tare Weight, (g):  49.80
136.34 (with tare)

Dry Weight After Washing (g): 135.65 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.07 99.92 100 0.07
#14 1.400 0.23 99.65 90 0.21
#18 1.000 0.28 99.33 70 0.20
#25 0.710 0.24 99.05 70 0.17
#35 0.500 0.37 98.62 65 0.24
#45 0.355 0.39 98.17 45 0.18
#60 0.250 2.04 95.82 15 0.31
#80 0.180 48.84 39.38 3 1.47
#120 0.125 28.30 6.68 3 0.85
#170 0.090 5.03 0.87 1 0.05
#230 0.063 0.37 0.44 1 0.00

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

4 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-10Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-10

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -12
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-12
Sample No.: 1
Description:

Tare Weight, (g):  50.14
166.76 (with tare)

Dry Weight After Washing (g): 165.43 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.60 99.49 100 0.60
#10 2.000 0.57 99.00 90 0.51
#14 1.400 1.09 98.06 75 0.82
#18 1.000 1.30 96.95 60 0.78
#25 0.710 1.43 95.72 60 0.86
#35 0.500 1.64 94.31 50 0.82
#45 0.355 1.75 92.81 25 0.44
#60 0.250 3.68 89.66 10 0.37
#80 0.180 52.30 44.81 3 1.57
#120 0.125 38.24 12.02 3 1.15
#170 0.090 10.11 3.35 1 0.10
#230 0.063 2.51 1.20 1 0.03

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

7 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-12Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-12

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth:
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-14
Sample No.: 1
Description:

Tare Weight, (g):  49.00
160.65 (with tare)

Dry Weight After Washing (g): 159.3 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.26 99.77 100 0.26
#7 2.800 0.66 99.18 60 0.40
#10 2.000 1.48 97.85 40 0.59
#14 1.400 1.84 96.20 25 0.46
#18 1.000 1.28 95.06 25 0.32
#25 0.710 0.73 94.40 20 0.15
#35 0.500 0.49 93.96 25 0.12
#45 0.355 0.64 93.39 15 0.10
#60 0.250 2.84 90.85 15 0.43
#80 0.180 58.84 38.15 5 2.94
#120 0.125 32.92 8.66 3 0.99
#170 0.090 7.00 2.39 1 0.07
#230 0.063 1.53 1.02 1 0.02

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-14Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, bluish gray (SP)

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -16
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-16
Sample No.: 1
Description:

Tare Weight, (g):  49.74
149.39 (with tare)

Dry Weight After Washing (g): 148.43 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.08 99.92 100 0.08
#14 1.400 0.04 99.88 100 0.04
#18 1.000 0.07 99.81 100 0.07
#25 0.710 0.08 99.73 95 0.08
#35 0.500 0.19 99.54 80 0.15
#45 0.355 0.33 99.21 65 0.21
#60 0.250 1.99 97.21 15 0.30
#80 0.180 56.07 40.94 5 2.80
#120 0.125 31.51 9.32 3 0.95
#170 0.090 7.20 2.10 1 0.07
#230 0.063 1.08 1.01 1 0.01

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

5 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-16Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-16

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -18
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-18
Sample No.: 1
Description:

Tare Weight, (g):  50.03
155.92 (with tare)

Dry Weight After Washing (g): 154.71 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.07 99.93 100 0.07
#10 2.000 0.01 99.92 100 0.01
#14 1.400 0.03 99.90 100 0.03
#18 1.000 0.10 99.80 99 0.10
#25 0.710 0.05 99.75 65 0.03
#35 0.500 0.13 99.63 65 0.08
#45 0.355 0.34 99.31 25 0.09
#60 0.250 2.16 97.27 20 0.43
#80 0.180 53.54 46.71 5 2.68
#120 0.125 38.88 9.99 3 1.17
#170 0.090 8.12 2.32 1 0.08
#230 0.063 1.44 0.96 1 0.01

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

5 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-18Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, bluish gray (SP)
-18

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -20
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-20
Sample No.: 1
Description:

Tare Weight, (g):  50.60
162.67 (with tare)

Dry Weight After Washing (g): 161.1 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.06 99.95 100 0.06
#10 2.000 0.01 99.94 100 0.01
#14 1.400 0.04 99.90 100 0.04
#18 1.000 0.06 99.85 100 0.06
#25 0.710 0.09 99.77 90 0.08
#35 0.500 0.12 99.66 90 0.11
#45 0.355 0.37 99.33 65 0.24
#60 0.250 1.57 97.93 30 0.47
#80 0.180 40.83 61.50 10 4.08
#120 0.125 54.45 12.91 5 2.72
#170 0.090 10.79 3.28 3 0.32
#230 0.063 2.05 1.45 1 0.02

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

7 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-20Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, bluish gray (SP)
-20

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -22
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-22
Sample No.: 1
Description:

Tare Weight, (g):  50.90
175.1 (with tare)

Dry Weight After Washing (g): 172.86 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.10 99.92 100 0.10
#10 2.000 0.11 99.83 100 0.11
#14 1.400 0.15 99.71 100 0.15
#18 1.000 0.16 99.58 100 0.16
#25 0.710 0.30 99.34 100 0.30
#35 0.500 0.37 99.04 90 0.33
#45 0.355 0.66 98.51 45 0.30
#60 0.250 2.37 96.60 25 0.59
#80 0.180 49.82 56.49 5 2.49
#120 0.125 56.92 10.66 3 1.71
#170 0.090 9.05 3.37 1 0.09
#230 0.063 1.87 1.87 1 0.02

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

5 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-22Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, bluish gray (SP)
-22

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -24
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB3-24
Sample No.: 1
Description:

Tare Weight, (g):  50.15
184.19 (with tare)

Dry Weight After Washing (g): 182.01 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.26 99.81 100 0.26
#10 2.000 0.50 99.43 100 0.50
#14 1.400 0.84 98.81 100 0.84
#18 1.000 1.07 98.01 100 1.07
#25 0.710 1.26 97.07 100 1.26
#35 0.500 1.84 95.70 95 1.75
#45 0.355 3.67 92.96 40 1.47
#60 0.250 7.86 87.09 15 1.18
#80 0.180 75.11 31.06 5 3.76
#120 0.125 29.72 8.89 3 0.89
#170 0.090 8.62 2.45 3 0.26
#230 0.063 1.78 1.13 1 0.02

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

10 Project1 Topsail Beach, Surf City & North Topsail

Area
TB3-24Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, bluish gray (SP)
-24

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -4
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB4-TOE
Sample No.: 1
Description:

Tare Weight, (g):  50.28
151.21 (with tare)

Dry Weight After Washing (g): 151.16 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.65 99.36 100 0.65
#7 2.800 0.08 99.28 100 0.08
#10 2.000 0.47 98.81 100 0.47
#14 1.400 1.89 96.94 95 1.80
#18 1.000 5.03 91.95 70 3.52
#25 0.710 9.55 82.49 65 6.21
#35 0.500 16.31 66.33 30 4.89
#45 0.355 22.14 44.40 20 4.43
#60 0.250 22.96 21.65 10 2.30
#80 0.180 16.72 5.08 5 0.84
#120 0.125 3.77 1.35 3 0.11
#170 0.090 0.39 0.96 1 0.00
#230 0.063 0.02 0.94 1 0.00

Total Shell Content:  25 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, some 
carbonate, light gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

25 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-TOEBoring No.

Classification
SAND, poorly-graded, mostly medium to 
fine-grained quartz, some carbonate, light 

gray (SP)

-4
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: +7
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB4-CREST
Sample No.: 1
Description:

Tare Weight, (g):  49.84
154.23 (with tare)

Dry Weight After Washing (g): 154.12 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.21 99.80 100 0.21
#7 2.800 0.20 99.61 100 0.20
#10 2.000 1.09 98.56 95 1.04
#14 1.400 2.20 96.46 95 2.09
#18 1.000 3.11 93.48 85 2.64
#25 0.710 3.17 90.44 50 1.59
#35 0.500 3.38 87.20 45 1.52
#45 0.355 5.85 81.60 20 1.17
#60 0.250 24.52 58.11 15 3.68
#80 0.180 48.02 12.11 5 2.40
#120 0.125 11.03 1.54 5 0.55
#170 0.090 1.36 0.24 1 0.01
#230 0.063 0.23 0.02 1 0.00

Total Shell Content:  16 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, light 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

16
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, light gray (SP)
+7 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-CRESTBoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: +2.1
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB4-MHW
Sample No.: 1
Description:

Tare Weight, (g):  49.86
149.48 (with tare)

Dry Weight After Washing (g): 149.01 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.11 99.89 100 0.11
#10 2.000 0.29 99.60 100 0.29
#14 1.400 0.62 98.98 100 0.62
#18 1.000 2.06 96.91 90 1.85
#25 0.710 5.37 91.52 75 4.03
#35 0.500 11.47 80.00 35 4.01
#45 0.355 16.11 63.83 25 4.03
#60 0.250 24.58 39.16 15 3.69
#80 0.180 30.73 8.31 5 1.54
#120 0.125 7.81 0.47 5 0.39
#170 0.090 0.34 0.13 1 0.00
#230 0.063 0.07 0.06 1 0.00

Total Shell Content:  21 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, light 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

21 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-MHWBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, light gray (SP)
+2.1

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 0
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB4-MSL
Sample No.: 1
Description:

Tare Weight, (g):  50.18
141.11 (with tare)

Dry Weight After Washing (g): 140.06 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.12 99.87 100 0.12
#10 2.000 0.05 99.81 100 0.05
#14 1.400 0.12 99.68 100 0.12
#18 1.000 0.40 99.24 90 0.36
#25 0.710 1.19 97.93 75 0.89
#35 0.500 3.86 93.69 35 1.35
#45 0.355 11.77 80.74 25 2.94
#60 0.250 32.05 45.50 15 4.81
#80 0.180 34.07 8.03 5 1.70
#120 0.125 6.69 0.67 5 0.33
#170 0.090 0.35 0.29 1 0.00
#230 0.063 0.06 0.22 1 0.00

Total Shell Content:  14 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, light 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

14 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-MSLBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, light gray (SP)
0

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -1.9
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB4-MLW
Sample No.: 1
Description:

Tare Weight, (g):  50.85
152.34 (with tare)

Dry Weight After Washing (g): 151.73 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.12 99.88 100 0.12
#10 2.000 0.83 99.06 100 0.83
#14 1.400 2.09 97.00 95 1.99
#18 1.000 4.56 92.51 75 3.42
#25 0.710 8.90 83.74 65 5.79
#35 0.500 14.13 69.82 45 6.36
#45 0.355 15.37 54.68 30 4.61
#60 0.250 18.96 35.99 10 1.90
#80 0.180 27.56 8.84 5 1.38
#120 0.125 7.53 1.42 3 0.23
#170 0.090 0.36 1.06 1 0.00
#230 0.063 0.08 0.99 1 0.00

Total Shell Content:  26 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
brownish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

26
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, little carbonate, brownish gray (SP)

-1.9 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-MLWBoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -3
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB4-3
Sample No.: 1
Description:

Tare Weight, (g):  50.11
215.9 (with tare)

Dry Weight After Washing (g): 214.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 8.02 95.16 90 7.22
#7 2.800 18.71 83.88 75 14.03
#10 2.000 23.59 69.65 65 15.33
#14 1.400 33.95 49.17 65 22.07
#18 1.000 26.70 33.07 55 14.69
#25 0.710 18.04 22.18 50 9.02
#35 0.500 11.52 15.24 45 5.18
#45 0.355 6.98 11.03 25 1.75
#60 0.250 6.52 7.09 15 0.98
#80 0.180 7.86 2.35 5 0.39
#120 0.125 2.49 0.85 3 0.07
#170 0.090 0.12 0.78 1 0.00
#230 0.063 0.01 0.77 1 0.00

Total Shell Content:  55 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly coarse to medium-grained carbonate, 
some medium to fine-grained quartz, brownish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

55
Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly coarse to 

medium-grained carbonate, some medium 
to fine-grained quartz, brownish gray (SP)

-3 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-3Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -4
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB4-4
Sample No.: 1
Description:

Tare Weight, (g):  50.45
180.92 (with tare)

Dry Weight After Washing (g): 179.5 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.12 99.91 100 0.12
#7 2.800 0.09 99.84 100 0.09
#10 2.000 0.06 99.79 100 0.06
#14 1.400 0.39 99.49 99 0.39
#18 1.000 0.82 98.87 90 0.74
#25 0.710 1.33 97.85 60 0.80
#35 0.500 2.93 95.60 45 1.32
#45 0.355 7.50 89.85 25 1.88
#60 0.250 21.92 73.05 15 3.29
#80 0.180 74.11 16.25 5 3.71
#120 0.125 17.38 2.93 3 0.52
#170 0.090 2.26 1.20 1 0.02
#230 0.063 0.26 1.00 1 0.00

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

10 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-4Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-4

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -6
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB4-6
Sample No.: 1
Description:

Tare Weight, (g):  50.19
138.41 (with tare)

Dry Weight After Washing (g): 137.54 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.36 99.59 100 0.36
#10 2.000 0.26 99.30 100 0.26
#14 1.400 0.49 98.74 95 0.47
#18 1.000 0.80 97.83 95 0.76
#25 0.710 1.03 96.67 75 0.77
#35 0.500 1.40 95.08 40 0.56
#45 0.355 2.16 92.63 25 0.54
#60 0.250 6.02 85.81 10 0.60
#80 0.180 42.66 37.45 5 2.13
#120 0.125 29.65 3.84 3 0.89
#170 0.090 2.94 0.51 1 0.03
#230 0.063 0.17 0.32 1 0.00

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

8 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-6Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-6

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth:
Project No.: 1584-01-40 Date: 7/29/2003
Boring No.: TB4-8
Sample No.: 1
Description:

Tare Weight, (g):  50.65
153.68 (with tare)

Dry Weight After Washing (g): 153.03 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.31 99.70 100 0.31
#10 2.000 0.33 99.38 100 0.33
#14 1.400 1.02 98.39 95 0.97
#18 1.000 1.75 96.69 80 1.40
#25 0.710 2.83 93.94 65 1.84
#35 0.500 3.85 90.21 40 1.54
#45 0.355 4.37 85.97 15 0.66
#60 0.250 7.12 79.05 10 0.71
#80 0.180 46.62 33.81 5 2.33
#120 0.125 28.98 5.68 3 0.87
#170 0.090 4.52 1.29 1 0.05
#230 0.063 0.42 0.88 1 0.00

Total Shell Content:  11 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

11 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-8Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)

Sample No.

GRADATION CURVES
7/29/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -10
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB4-10
Sample No.: 1
Description:

Tare Weight, (g):  50.62
152.76 (with tare)

Dry Weight After Washing (g): 151.86 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.05 99.95 100 0.05
#10 2.000 0.08 99.87 100 0.08
#14 1.400 0.24 99.64 90 0.22
#18 1.000 0.39 99.26 95 0.37
#25 0.710 0.70 98.57 70 0.49
#35 0.500 1.23 97.37 60 0.74
#45 0.355 1.75 95.65 40 0.70
#60 0.250 3.54 92.19 10 0.35
#80 0.180 33.76 59.13 5 1.69
#120 0.125 47.63 12.50 3 1.43
#170 0.090 10.79 1.94 1 0.11
#230 0.063 1.12 0.84 1 0.01

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-10Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-10

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -12
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB4-12
Sample No.: 1
Description:

Tare Weight, (g):  50.37
176.66 (with tare)

Dry Weight After Washing (g): 175.68 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.42 99.67 100 0.42
#7 2.800 1.65 98.36 100 1.65
#10 2.000 2.62 96.29 85 2.23
#14 1.400 5.47 91.96 75 4.10
#18 1.000 8.32 85.37 60 4.99
#25 0.710 10.94 76.70 45 4.92
#35 0.500 13.14 66.30 40 5.26
#45 0.355 12.73 56.22 30 3.82
#60 0.250 10.92 47.57 15 1.64
#80 0.180 23.94 28.62 5 1.20
#120 0.125 28.39 6.14 3 0.85
#170 0.090 5.72 1.61 1 0.06
#230 0.063 0.77 1.00 1 0.01

Total Shell Content:  25 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

25 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-12Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)
-12

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -14
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB4-14
Sample No.: 1
Description:

Tare Weight, (g):  49.80
152.83 (with tare)

Dry Weight After Washing (g): 151.21 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.07 99.93 100 0.07
#10 2.000 0.08 99.85 100 0.08
#14 1.400 0.12 99.74 100 0.12
#18 1.000 0.30 99.45 100 0.30
#25 0.710 0.44 99.02 95 0.42
#35 0.500 0.72 98.32 70 0.50
#45 0.355 1.19 97.17 35 0.42
#60 0.250 3.46 93.81 15 0.52
#80 0.180 40.52 54.48 5 2.03
#120 0.125 41.69 14.02 3 1.25
#170 0.090 10.46 3.86 1 0.10
#230 0.063 2.44 1.49 1 0.02

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-14Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-14

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -16
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB4-16
Sample No.: 1
Description:

Tare Weight, (g):  49.33
166.82 (with tare)

Dry Weight After Washing (g): 165.79 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.23 99.80 100 0.23
#10 2.000 0.13 99.69 100 0.13
#14 1.400 0.43 99.33 95 0.41
#18 1.000 0.59 98.83 80 0.47
#25 0.710 0.65 98.27 70 0.46
#35 0.500 0.83 97.57 55 0.46
#45 0.355 1.25 96.50 40 0.50
#60 0.250 3.70 93.35 15 0.56
#80 0.180 57.59 44.34 5 2.88
#120 0.125 41.60 8.93 3 1.25
#170 0.090 8.03 2.09 3 0.24
#230 0.063 1.77 0.59 1 0.02

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, dark 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-16Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, dark bluish gray (SP)
-16

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -18
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB4-18
Sample No.: 1
Description:

Tare Weight, (g):  48.97
173.09 (with tare)

Dry Weight After Washing (g): 171.49 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.19 99.85 100 0.19
#10 2.000 0.10 99.77 100 0.10
#14 1.400 0.19 99.61 100 0.19
#18 1.000 0.24 99.42 100 0.24
#25 0.710 0.37 99.12 98 0.36
#35 0.500 0.57 98.66 60 0.34
#45 0.355 1.03 97.83 20 0.21
#60 0.250 3.76 94.80 15 0.56
#80 0.180 68.79 39.38 5 3.44
#120 0.125 37.50 9.17 3 1.13
#170 0.090 7.97 2.75 3 0.24
#230 0.063 1.61 1.45 1 0.02

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, bluish 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-18Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, bluish gray (SP)
-18

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -20
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB4-20
Sample No.: 1
Description:

Tare Weight, (g):  48.66
140.45 (with tare)

Dry Weight After Washing (g): 138.88 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.65 99.29 100 0.65
#7 2.800 0.17 99.11 100 0.17
#10 2.000 0.31 98.77 100 0.31
#14 1.400 0.40 98.33 100 0.40
#18 1.000 0.49 97.80 100 0.49
#25 0.710 0.60 97.15 98 0.59
#35 0.500 0.78 96.30 75 0.59
#45 0.355 1.19 95.00 45 0.54
#60 0.250 2.22 92.58 15 0.33
#80 0.180 31.05 58.75 5 1.55
#120 0.125 42.42 12.54 3 1.27
#170 0.090 7.91 3.92 3 0.24
#230 0.063 1.81 1.95 1 0.02

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, 
brownish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

8 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-20Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, brownish gray (SP)

-20
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -22
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB4-22
Sample No.: 1
Description:

Tare Weight, (g):  50.12
147.57 (with tare)

Dry Weight After Washing (g): 145.86 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.12 99.88 100 0.12
#7 2.800 0.19 99.68 100 0.19
#10 2.000 0.19 99.49 100 0.19
#14 1.400 0.17 99.31 100 0.17
#18 1.000 0.33 98.97 100 0.33
#25 0.710 0.43 98.53 95 0.41
#35 0.500 0.66 97.86 65 0.43
#45 0.355 1.16 96.66 15 0.17
#60 0.250 2.55 94.05 10 0.26
#80 0.180 40.18 52.82 5 2.01
#120 0.125 38.11 13.71 3 1.14
#170 0.090 9.08 4.39 1 0.09
#230 0.063 2.44 1.89 1 0.02

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, 
brownish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-22Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, brownish gray (SP)

-22
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -24
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB4-24
Sample No.: 1
Description:

Tare Weight, (g):  50.24
161.66 (with tare)

Dry Weight After Washing (g): 159.67 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.06 99.95 100 0.06
#10 2.000 0.11 99.85 100 0.11
#14 1.400 0.33 99.55 100 0.33
#18 1.000 0.47 99.13 100 0.47
#25 0.710 0.62 98.57 100 0.62
#35 0.500 0.96 97.71 60 0.58
#45 0.355 1.78 96.11 35 0.62
#60 0.250 3.47 93.00 20 0.69
#80 0.180 37.82 59.06 5 1.89
#120 0.125 51.83 12.54 3 1.55
#170 0.090 8.94 4.51 1 0.09
#230 0.063 2.96 1.86 1 0.03

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, 
grayish brown (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6 Project1 Topsail Beach, Surf City & North Topsail

Area
TB4-24Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, grayish brown (SP)

-24
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth:
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-TOE
Sample No.: 1
Description:

Tare Weight, (g):  49.97
153.03 (with tare)

Dry Weight After Washing (g): 152.89 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.05 99.94 100 0.05
#14 1.400 0.08 99.86 100 0.08
#18 1.000 0.26 99.61 95 0.25
#25 0.710 0.88 98.76 75 0.66
#35 0.500 3.45 95.41 45 1.55
#45 0.355 13.72 82.10 20 2.74
#60 0.250 41.45 41.88 15 6.22
#80 0.180 32.28 10.56 10 3.23
#120 0.125 2.20 8.42 5 0.11
#170 0.090 1.76 6.71 3 0.05
#230 0.063 0.22 6.50 1 0.00

Total Shell Content:  15 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, little 
carbonate, light gray (SP-SM)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

15 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-TOEBoring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, little carbonate, light gray 

(SP-SM)

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: +7
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-CREST
Sample No.: 1
Description:

Tare Weight, (g):  50.23
145.52 (with tare)

Dry Weight After Washing (g): 145.47 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.11 99.88 100 0.11
#14 1.400 0.52 99.34 100 0.52
#18 1.000 2.21 97.02 98 2.17
#25 0.710 6.74 89.95 80 5.39
#35 0.500 14.35 74.89 45 6.46
#45 0.355 18.06 55.93 30 5.42
#60 0.250 21.09 33.80 20 4.22
#80 0.180 23.51 9.13 5 1.18
#120 0.125 7.09 1.69 3 0.21
#170 0.090 0.26 1.42 1 0.00
#230 0.063 0.01 1.41 1 0.00

Total Shell Content:  27 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, light 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

27 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-CRESTBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, light gray (SP)
+7

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: +2.1
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-MHW
Sample No.: 1
Description:

Tare Weight, (g):  49.47
154.64 (with tare)

Dry Weight After Washing (g): 154.45 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.85 99.19 100 0.85
#10 2.000 1.47 97.79 95 1.40
#14 1.400 4.88 93.15 80 3.90
#18 1.000 8.43 85.14 60 5.06
#25 0.710 12.37 73.38 60 7.42
#35 0.500 15.40 58.73 45 6.93
#45 0.355 16.60 42.95 25 4.15
#60 0.250 20.45 23.50 10 2.05
#80 0.180 19.24 5.21 5 0.96
#120 0.125 5.05 0.41 3 0.15
#170 0.090 0.28 0.14 1 0.00
#230 0.063 0.03 0.11 1 0.00

Total Shell Content:  31 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, some 
carbonate, light gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

31 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-MHWBoring No.

Classification
SAND, poorly-graded, mostly medium to 
fine-grained quartz, some carbonate, light 

gray (SP)

+2.1
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 0
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-MSL
Sample No.: 1
Description:

Tare Weight, (g):  49.75
159.45 (with tare)

Dry Weight After Washing (g): 158.47 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.98 100 0.02
#10 2.000 0.01 99.97 100 0.01
#14 1.400 0.02 99.95 100 0.02
#18 1.000 0.08 99.88 100 0.08
#25 0.710 0.55 99.38 95 0.52
#35 0.500 3.19 96.47 45 1.44
#45 0.355 9.42 87.89 35 3.30
#60 0.250 25.65 64.50 15 3.85
#80 0.180 56.92 12.62 5 2.85
#120 0.125 12.03 1.65 5 0.60
#170 0.090 0.75 0.97 3 0.02
#230 0.063 0.08 0.89 1 0.00

Total Shell Content:  12 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

12 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-MSLBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
+2.1

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -1.9
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-MLW
Sample No.: 1
Description:

Tare Weight, (g):  50.08
148.87 (with tare)

Dry Weight After Washing (g): 148.16 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.57 99.42 100 0.57
#10 2.000 0.58 98.84 100 0.58
#14 1.400 1.72 97.09 95 1.63
#18 1.000 3.89 93.16 75 2.92
#25 0.710 8.60 84.45 65 5.59
#35 0.500 14.53 69.74 45 6.54
#45 0.355 15.38 54.18 25 3.85
#60 0.250 18.97 34.97 15 2.85
#80 0.180 25.75 8.91 5 1.29
#120 0.125 7.38 1.44 3 0.22
#170 0.090 0.34 1.09 1 0.00
#230 0.063 0.02 1.07 1 0.00

Total Shell Content:  26 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
grayish brown (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

26 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-MLWBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, little carbonate, grayish brown (SP)

-1.9
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -3
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-3
Sample No.: 1
Description:

Tare Weight, (g):  50.30
178.19 (with tare)

Dry Weight After Washing (g): 177.36 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.12 99.91 100 0.12
#7 2.800 1.08 99.06 100 1.08
#10 2.000 1.47 97.91 100 1.47
#14 1.400 3.96 94.82 98 3.88
#18 1.000 8.92 87.84 80 7.14
#25 0.710 19.45 72.63 75 14.59
#35 0.500 28.32 50.49 60 16.99
#45 0.355 21.18 33.93 25 5.30
#60 0.250 17.34 20.37 15 2.60
#80 0.180 19.15 5.40 3 0.57
#120 0.125 5.30 1.25 3 0.16
#170 0.090 0.16 1.13 1 0.00
#230 0.063 0.02 1.11 1 0.00

Total Shell Content:  42 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, some 
carbonate, grayish brown (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

42
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly medium to 

fine-grained quartz, some carbonate, 
grayish brown (SP)

-3 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-3Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -4
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-4
Sample No.: 1
Description:

Tare Weight, (g):  49.68
143.28 (with tare)

Dry Weight After Washing (g): 142.52 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.09 99.90 100 0.09
#10 2.000 0.10 99.80 100 0.10
#14 1.400 0.47 99.29 98 0.46
#18 1.000 1.03 98.19 75 0.77
#25 0.710 1.58 96.51 70 1.11
#35 0.500 2.31 94.04 60 1.39
#45 0.355 3.47 90.33 40 1.39
#60 0.250 8.27 81.50 20 1.65
#80 0.180 45.80 32.56 5 2.29
#120 0.125 24.97 5.89 3 0.75
#170 0.090 4.52 1.06 1 0.05
#230 0.063 0.21 0.83 1 0.00

Total Shell Content:  11 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

11 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-4Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-3

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -6
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-6
Sample No.: 1
Description:

Tare Weight, (g):  50.14
144.14 (with tare)

Dry Weight After Washing (g): 143.47 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.31 99.67 100 0.31
#10 2.000 0.42 99.22 60 0.25
#14 1.400 1.13 98.02 40 0.45
#18 1.000 1.40 96.53 45 0.63
#25 0.710 1.62 94.81 40 0.65
#35 0.500 2.24 92.43 30 0.67
#45 0.355 2.94 89.30 25 0.74
#60 0.250 6.66 82.21 10 0.67
#80 0.180 46.13 33.14 5 2.31
#120 0.125 25.25 6.28 5 1.26
#170 0.090 4.60 1.38 3 0.14
#230 0.063 0.61 0.73 1 0.01

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

9 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-6Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-6

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -8
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-8
Sample No.: 1
Description:

Tare Weight, (g):  50.16
140.03 (with tare)

Dry Weight After Washing (g): 135.31 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.27 99.70 100 0.27
#10 2.000 0.54 99.10 70 0.38
#14 1.400 1.15 97.82 75 0.86
#18 1.000 1.54 96.11 65 1.00
#25 0.710 2.16 93.70 50 1.08
#35 0.500 2.55 90.86 30 0.77
#45 0.355 2.65 87.92 25 0.66
#60 0.250 5.36 81.95 15 0.80
#80 0.180 41.02 36.31 5 2.05
#120 0.125 25.86 7.53 5 1.29
#170 0.090 5.56 1.35 3 0.17
#230 0.063 0.57 0.71 1 0.01

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

10 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-8Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-8

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -10
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-10
Sample No.: 1
Description:

Tare Weight, (g):  48.43
152.62 (with tare)

Dry Weight After Washing (g): 151.69 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.31 99.70 100 0.31
#7 2.800 0.36 99.36 100 0.36
#10 2.000 0.64 98.74 100 0.64
#14 1.400 1.32 97.48 98 1.29
#18 1.000 1.94 95.61 95 1.84
#25 0.710 2.55 93.17 85 2.17
#35 0.500 3.93 89.39 65 2.55
#45 0.355 5.06 84.54 35 1.77
#60 0.250 8.06 76.80 10 0.81
#80 0.180 32.88 45.24 5 1.64
#120 0.125 33.30 13.28 5 1.67
#170 0.090 9.41 4.25 3 0.28
#230 0.063 3.11 1.27 1 0.03

Total Shell Content:  15 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

15 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-10Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)
-10

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -12
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-12
Sample No.: 1
Description:

Tare Weight, (g):  50.00
150.13 (with tare)

Dry Weight After Washing (g): 148.96 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.04 99.96 100 0.04
#10 2.000 0.03 99.93 100 0.03
#14 1.400 0.12 99.81 100 0.12
#18 1.000 0.27 99.54 90 0.24
#25 0.710 0.40 99.14 65 0.26
#35 0.500 0.70 98.44 55 0.39
#45 0.355 1.31 97.13 40 0.52
#60 0.250 5.25 91.89 10 0.53
#80 0.180 50.58 41.38 5 2.53
#120 0.125 29.02 12.39 3 0.87
#170 0.090 8.63 3.78 1 0.09
#230 0.063 2.34 1.44 1 0.02

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-12Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-10

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -14
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-14
Sample No.: 1
Description:

Tare Weight, (g):  49.74
169.69 (with tare)

Dry Weight After Washing (g): 168.3 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.32 99.73 100 0.32
#7 2.800 1.17 98.76 75 0.88
#10 2.000 1.18 97.77 20 0.24
#14 1.400 1.07 96.88 40 0.43
#18 1.000 0.65 96.34 30 0.20
#25 0.710 0.60 95.84 40 0.24
#35 0.500 0.73 95.23 40 0.29
#45 0.355 1.19 94.24 30 0.36
#60 0.250 5.48 89.67 15 0.82
#80 0.180 59.29 40.24 5 2.96
#120 0.125 35.87 10.34 3 1.08
#170 0.090 8.57 3.19 1 0.09
#230 0.063 2.39 1.20 1 0.02

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, bluish 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

7 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-14Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, bluish gray (SP)
-14

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -16
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-16
Sample No.: 1
Description:

Tare Weight, (g):  49.88
149.49 (with tare)

Dry Weight After Washing (g): 148.35 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.14 99.86 100 0.14
#10 2.000 0.04 99.82 100 0.04
#14 1.400 0.10 99.72 95 0.10
#18 1.000 0.05 99.67 95 0.05
#25 0.710 0.12 99.55 90 0.11
#35 0.500 0.30 99.25 90 0.27
#45 0.355 0.75 98.49 40 0.30
#60 0.250 4.02 94.46 20 0.80
#80 0.180 50.44 43.82 5 2.52
#120 0.125 31.79 11.91 3 0.95
#170 0.090 8.49 3.38 1 0.08
#230 0.063 1.86 1.52 1 0.02

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, bluish 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

5 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-16Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, bluish gray (SP)
-16

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -18
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-18
Sample No.: 1
Description:

Tare Weight, (g):  50.16
150.24 (with tare)

Dry Weight After Washing (g): 149.05 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.04 99.96 100 0.04
#10 2.000 0.02 99.94 100 0.02
#14 1.400 0.02 99.92 100 0.02
#18 1.000 0.06 99.86 100 0.06
#25 0.710 0.09 99.77 90 0.08
#35 0.500 0.24 99.53 85 0.20
#45 0.355 0.54 98.99 30 0.16
#60 0.250 3.09 95.90 15 0.46
#80 0.180 45.87 50.07 3 1.38
#120 0.125 36.38 13.72 3 1.09
#170 0.090 10.10 3.63 1 0.10
#230 0.063 2.22 1.41 1 0.02

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

4 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-18Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
-16

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -20
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-20
Sample No.: 1
Description:

Tare Weight, (g):  50.30
184.72 (with tare)

Dry Weight After Washing (g): 182.52 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.99 100 0.02
#10 2.000 0.01 99.98 100 0.01
#14 1.400 0.04 99.95 100 0.04
#18 1.000 0.10 99.87 100 0.10
#25 0.710 0.10 99.80 95 0.10
#35 0.500 0.21 99.64 80 0.17
#45 0.355 0.48 99.29 40 0.19
#60 0.250 1.91 97.86 20 0.38
#80 0.180 60.10 53.15 10 6.01
#120 0.125 56.30 11.27 5 2.82
#170 0.090 9.88 3.92 3 0.30
#230 0.063 2.82 1.82 1 0.03

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, dark 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

8 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-20Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, dark bluish gray (SP)
-20

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -22
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-22
Sample No.: 1
Description:

Tare Weight, (g):  50.31
158.4 (with tare)

Dry Weight After Washing (g): 156.42 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.04 99.96 100 0.04
#10 2.000 0.02 99.94 100 0.02
#14 1.400 0.05 99.90 100 0.05
#18 1.000 0.18 99.73 95 0.17
#25 0.710 0.20 99.55 98 0.20
#35 0.500 0.31 99.26 80 0.25
#45 0.355 0.56 98.74 40 0.22
#60 0.250 2.34 96.58 15 0.35
#80 0.180 37.69 61.71 5 1.88
#120 0.125 50.13 15.33 3 1.50
#170 0.090 11.03 5.13 1 0.11
#230 0.063 3.20 2.16 1 0.03

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

4 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-22Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, dark bluish gray 

(SP)

-22
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -24
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB5-24
Sample No.: 1
Description:

Tare Weight, (g):  50.05
183.96 (with tare)

Dry Weight After Washing (g): 179.63 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.02 99.99 100 0.02
#7 2.800 0.08 99.93 100 0.08
#10 2.000 0.13 99.83 100 0.13
#14 1.400 0.17 99.70 100 0.17
#18 1.000 0.20 99.55 100 0.20
#25 0.710 0.27 99.35 98 0.26
#35 0.500 0.41 99.04 95 0.39
#45 0.355 0.82 98.43 50 0.41
#60 0.250 3.31 95.96 25 0.83
#80 0.180 52.00 57.13 5 2.60
#120 0.125 54.19 16.66 3 1.63
#170 0.090 12.25 7.51 1 0.12
#230 0.063 4.77 3.95 1 0.05

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, dark 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

5 Project1 Topsail Beach, Surf City & North Topsail

Area
TB5-24Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, dark bluish gray (SP)
-24

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth:
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-TOE
Sample No.: 1
Description:

Tare Weight, (g):  50.56
144.76 (with tare)

Dry Weight After Washing (g): 144.81 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.01 99.99 100 0.01
#14 1.400 0.03 99.96 100 0.03
#18 1.000 0.28 99.66 95 0.27
#25 0.710 1.38 98.20 75 1.04
#35 0.500 5.35 92.52 35 1.87
#45 0.355 17.19 74.27 25 4.30
#60 0.250 37.65 34.30 10 3.77
#80 0.180 26.05 6.65 5 1.30
#120 0.125 5.00 1.34 3 0.15
#170 0.090 0.71 0.58 1 0.01
#230 0.063 0.07 0.51 1 0.00

Total Shell Content:  14 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, light 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

14 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-TOEBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, light gray (SP)

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: +7
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-CREST
Sample No.: 1
Description:

Tare Weight, (g):  49.44
147.02 (with tare)

Dry Weight After Washing (g): 146.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.01 99.99 100 0.01
#14 1.400 0.08 99.91 100 0.08
#18 1.000 0.17 99.73 95 0.16
#25 0.710 0.68 99.04 60 0.41
#35 0.500 2.01 96.98 45 0.90
#45 0.355 6.93 89.87 30 2.08
#60 0.250 25.96 63.27 15 3.89
#80 0.180 50.14 11.89 5 2.51
#120 0.125 10.47 1.16 5 0.52
#170 0.090 0.45 0.70 3 0.01
#230 0.063 0.06 0.64 1 0.00

Total Shell Content:  11 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, light 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

11 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-CRESTBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, light gray (SP)
+7

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: +2.1
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-MHW
Sample No.: 1
Description:

Tare Weight, (g):  50.56
168.5 (with tare)

Dry Weight After Washing (g): 168.13 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.45 99.62 100 0.45
#10 2.000 1.09 98.69 85 0.93
#14 1.400 1.48 97.44 75 1.11
#18 1.000 1.43 96.23 60 0.86
#25 0.710 1.96 94.57 50 0.98
#35 0.500 4.49 90.76 45 2.02
#45 0.355 12.98 79.75 25 3.25
#60 0.250 37.64 47.84 10 3.76
#80 0.180 46.50 8.41 5 2.33
#120 0.125 7.61 1.96 3 0.23
#170 0.090 1.22 0.92 1 0.01
#230 0.063 0.14 0.81 1 0.00

Total Shell Content:  13 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, light 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

13 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-MHWBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, light gray (SP)
+2.1

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 0
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-MSL
Sample No.: 1
Description:

Tare Weight, (g):  49.39
146.48 (with tare)

Dry Weight After Washing (g): 145.84 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.98 100 0.02
#10 2.000 0.07 99.91 100 0.07
#14 1.400 0.05 99.86 100 0.05
#18 1.000 0.44 99.40 95 0.42
#25 0.710 3.00 96.31 65 1.95
#35 0.500 12.91 83.02 45 5.81
#45 0.355 20.58 61.82 30 6.17
#60 0.250 22.38 38.77 10 2.24
#80 0.180 27.79 10.15 3 0.83
#120 0.125 8.22 1.68 3 0.25
#170 0.090 0.30 1.37 1 0.00
#230 0.063 0.04 1.33 1 0.00

Total Shell Content:  18 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, light 
brownish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

18
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, little carbonate, light brownish gray 

(SP)

0 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-MSLBoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -1.9
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-MLW
Sample No.: 1
Description:

Tare Weight, (g):  50.41
155.84 (with tare)

Dry Weight After Washing (g): 155.06 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.33 99.69 100 0.33
#10 2.000 0.25 99.45 95 0.24
#14 1.400 0.92 98.58 95 0.87
#18 1.000 2.62 96.09 80 2.10
#25 0.710 7.60 88.88 65 4.94
#35 0.500 15.04 74.62 50 7.52
#45 0.355 17.48 58.04 25 4.37
#60 0.250 21.77 37.39 10 2.18
#80 0.180 30.02 8.92 5 1.50
#120 0.125 7.89 1.43 3 0.24
#170 0.090 0.42 1.03 1 0.00
#230 0.063 0.03 1.01 1 0.00

Total Shell Content:  23 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, some carbonate, 
brownish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

23 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-MLWBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, some carbonate, brownish gray (SP)
-1.9

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -3
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-3
Sample No.: 1
Description:

Tare Weight, (g):  50.34
180.22 (with tare)

Dry Weight After Washing (g): 179.33 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.13 99.13 100 1.13
#7 2.800 1.92 97.65 85 1.63
#10 2.000 3.09 95.27 80 2.47
#14 1.400 5.48 91.05 75 4.11
#18 1.000 8.33 84.64 50 4.17
#25 0.710 12.37 75.12 45 5.57
#35 0.500 16.65 62.30 45 7.49
#45 0.355 19.45 47.32 30 5.84
#60 0.250 27.03 26.51 20 5.41
#80 0.180 27.34 5.46 5 1.37
#120 0.125 5.35 1.34 3 0.16
#170 0.090 0.21 1.18 1 0.00
#230 0.063 0.01 1.17 1 0.00

Total Shell Content:  30 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, some 
carbonate, brownish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

30
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly medium to 

fine-grained quartz, some carbonate, 
brownish gray (SP)

-3 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-3Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -4
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-4
Sample No.: 1
Description:

Tare Weight, (g):  49.79
148.37 (with tare)

Dry Weight After Washing (g): 147.62 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.20 99.80 90 0.18
#10 2.000 0.02 99.78 100 0.02
#14 1.400 0.27 99.50 90 0.24
#18 1.000 0.51 98.99 70 0.36
#25 0.710 1.19 97.78 50 0.60
#35 0.500 3.09 94.64 40 1.24
#45 0.355 7.02 87.52 25 1.76
#60 0.250 19.10 68.15 15 2.87
#80 0.180 44.61 22.90 3 1.34
#120 0.125 19.57 3.04 3 0.59
#170 0.090 2.18 0.83 1 0.02
#230 0.063 0.18 0.65 1 0.00

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

9 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-4Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-3

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -6
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-6
Sample No.: 1
Description:

Tare Weight, (g):  50.39
152.22 (with tare)

Dry Weight After Washing (g): 151.26 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.08 99.92 100 0.08
#7 2.800 0.58 99.35 100 0.58
#10 2.000 0.49 98.87 80 0.39
#14 1.400 1.68 97.22 70 1.18
#18 1.000 3.12 94.16 50 1.56
#25 0.710 4.37 89.87 40 1.75
#35 0.500 5.32 84.64 35 1.86
#45 0.355 6.98 77.79 30 2.09
#60 0.250 14.87 63.18 15 2.23
#80 0.180 46.45 17.57 5 2.32
#120 0.125 15.16 2.68 3 0.45
#170 0.090 1.71 1.00 1 0.02
#230 0.063 0.12 0.88 1 0.00

Total Shell Content:  14 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

14 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-6Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)
-6

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -8
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-8
Sample No.: 1
Description:

Tare Weight, (g):  50.30
149.17 (with tare)

Dry Weight After Washing (g): 148.31 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.18 99.82 100 0.18
#14 1.400 0.72 99.09 100 0.72
#18 1.000 1.12 97.96 90 1.01
#25 0.710 2.23 95.70 80 1.78
#35 0.500 4.78 90.87 65 3.11
#45 0.355 6.13 84.67 35 2.15
#60 0.250 8.88 75.69 25 2.22
#80 0.180 36.54 38.73 3 1.10
#120 0.125 31.60 6.77 3 0.95
#170 0.090 5.09 1.62 1 0.05
#230 0.063 0.42 1.19 1 0.00

Total Shell Content:  13 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

13 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-8Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)
-8

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -10
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-10
Sample No.: 1
Description:

Tare Weight, (g):  49.74
139.45 (with tare)

Dry Weight After Washing (g): 138.49 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.08 99.91 100 0.08
#10 2.000 0.06 99.84 100 0.06
#14 1.400 0.25 99.57 100 0.25
#18 1.000 0.58 98.92 100 0.58
#25 0.710 1.12 97.67 95 1.06
#35 0.500 2.43 94.96 65 1.58
#45 0.355 4.59 89.85 40 1.84
#60 0.250 8.91 79.91 15 1.34
#80 0.180 33.35 42.74 5 1.67
#120 0.125 26.11 13.63 3 0.78
#170 0.090 9.36 3.20 1 0.09
#230 0.063 1.76 1.24 1 0.02

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

10 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-10Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-10

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -12
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-12
Sample No.: 1
Description:

Tare Weight, (g):  49.76
147.4 (with tare)

Dry Weight After Washing (g): 146.2 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.07 99.93 100 0.07
#10 2.000 0.22 99.70 90 0.20
#14 1.400 0.47 99.22 80 0.38
#18 1.000 0.63 98.58 75 0.47
#25 0.710 0.56 98.00 45 0.25
#35 0.500 0.75 97.23 30 0.23
#45 0.355 1.04 96.17 25 0.26
#60 0.250 3.84 92.24 15 0.58
#80 0.180 37.29 54.05 5 1.86
#120 0.125 39.78 13.30 3 1.19
#170 0.090 8.66 4.43 1 0.09
#230 0.063 2.69 1.68 1 0.03

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
-12 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-12Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -14
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-14
Sample No.: 1
Description:

Tare Weight, (g):  49.91
131.13 (with tare)

Dry Weight After Washing (g): 130.04 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.24 97.24 100 2.24
#4 4.750 0.46 96.68 0 0.00
#7 2.800 0.30 96.31 25 0.08
#10 2.000 0.65 95.51 35 0.23
#14 1.400 0.56 94.82 20 0.11
#18 1.000 0.36 94.37 30 0.11
#25 0.710 0.23 94.09 20 0.05
#35 0.500 0.31 93.71 20 0.06
#45 0.355 0.47 93.13 15 0.07
#60 0.250 2.17 90.46 10 0.22
#80 0.180 27.91 56.09 3 0.84
#120 0.125 31.67 17.10 3 0.95
#170 0.090 9.82 5.01 1 0.10
#230 0.063 2.60 1.81 1 0.03

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, bluish 
gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-14Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, bluish gray (SP)
-10

Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -16
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-16
Sample No.: 1
Description:

Tare Weight, (g):  50.05
156.79 (with tare)

Dry Weight After Washing (g): 155.5 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.98 100 0.02
#10 2.000 0.10 99.89 100 0.10
#14 1.400 0.02 99.87 100 0.02
#18 1.000 0.02 99.85 100 0.02
#25 0.710 0.07 99.78 100 0.07
#35 0.500 0.15 99.64 90 0.14
#45 0.355 0.45 99.22 30 0.14
#60 0.250 2.45 96.93 10 0.25
#80 0.180 45.51 54.29 5 2.28
#120 0.125 44.13 12.95 3 1.32
#170 0.090 9.45 4.09 1 0.09
#230 0.063 2.48 1.77 1 0.02

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

4 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-16Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, bluish gray (SP)

-16
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -18
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-18
Sample No.: 1
Description:

Tare Weight, (g):  50.10
146.17 (with tare)

Dry Weight After Washing (g): 144.39 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 100 0.02
#14 1.400 0.05 99.93 100 0.05
#18 1.000 0.05 99.88 100 0.05
#25 0.710 0.08 99.79 100 0.08
#35 0.500 0.17 99.61 60 0.10
#45 0.355 0.33 99.27 40 0.13
#60 0.250 1.86 97.34 15 0.28
#80 0.180 40.05 55.65 3 1.20
#120 0.125 41.53 12.42 3 1.25
#170 0.090 8.13 3.96 1 0.08
#230 0.063 1.99 1.88 1 0.02

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

3 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-18Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, bluish gray (SP)

-18
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -20
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-20
Sample No.: 1
Description:

Tare Weight, (g):  50.13
163.31 (with tare)

Dry Weight After Washing (g): 160.97 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 100 0.02
#14 1.400 0.01 99.97 100 0.01
#18 1.000 0.03 99.95 100 0.03
#25 0.710 0.03 99.92 98 0.03
#35 0.500 0.04 99.89 85 0.03
#45 0.355 0.41 99.52 40 0.16
#60 0.250 1.34 98.34 15 0.20
#80 0.180 35.10 67.33 5 1.76
#120 0.125 61.03 13.40 3 1.83
#170 0.090 9.52 4.99 1 0.10
#230 0.063 3.27 2.10 1 0.03

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

4 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-20Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, bluish gray (SP)

-20
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -22
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-22
Sample No.: 1
Description:

Tare Weight, (g):  50.15
179.88 (with tare)

Dry Weight After Washing (g): 175.59 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 100 0.02
#14 1.400 0.01 99.98 100 0.01
#18 1.000 0.03 99.95 100 0.03
#25 0.710 0.07 99.90 100 0.07
#35 0.500 0.13 99.80 95 0.12
#45 0.355 0.37 99.51 60 0.22
#60 0.250 1.48 98.37 15 0.22
#80 0.180 47.37 61.86 5 2.37
#120 0.125 61.88 14.16 3 1.86
#170 0.090 9.82 6.59 1 0.10
#230 0.063 3.73 3.72 1 0.04

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

4 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-22Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, dark bluish gray 

(SP)

-22
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: -24
Project No.: 1584-01-40 Date: 7/30/2003
Boring No.: TB6-24
Sample No.: 1
Description:

Tare Weight, (g):  50.35
161 (with tare)

Dry Weight After Washing (g): 155.8 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.04 99.95 100 0.04
#14 1.400 0.03 99.93 100 0.03
#18 1.000 0.09 99.85 100 0.09
#25 0.710 0.20 99.67 90 0.18
#35 0.500 0.55 99.17 30 0.17
#45 0.355 1.34 97.96 20 0.27
#60 0.250 1.57 96.54 5 0.08
#80 0.180 30.01 69.42 3 0.90
#120 0.125 58.05 16.95 1 0.58
#170 0.090 9.38 8.48 1 0.09
#230 0.063 4.16 4.72 1 0.04

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
bluish gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

2 Project1 Topsail Beach, Surf City & North Topsail

Area
TB6-24Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, dark bluish gray 

(SP)

-24
Sample No.

GRADATION CURVES
7/30/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 14.0-14.5
Project No.: 1584-01-40 Date: 9/3/2003
Boring No.: T1-03-V-1
Sample No.: 1
Description:

Tare Weight, (g):  50.31
142.05 (with tare)

Dry Weight After Washing (g): 140.7 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 100 0.02
#14 1.400 0.09 99.88 50 0.05
#18 1.000 0.03 99.85 40 0.01
#25 0.710 0.15 99.68 50 0.08
#35 0.500 0.32 99.34 50 0.16
#45 0.355 0.26 99.05 40 0.10
#60 0.250 0.94 98.03 30 0.28
#80 0.180 15.09 81.58 20 3.02
#120 0.125 66.02 9.61 5 3.30
#170 0.090 7.86 1.05 1 0.08
#230 0.063 0.76 0.22 1 0.01

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

8 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-1Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
14.0-14.5

Sample No.

GRADATION CURVES
9/3/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 17.5-18.0
Project No.: 1584-01-40 Date: 9/3/2003
Boring No.: T1-03-V-1
Sample No.: 2
Description:

Tare Weight, (g):  49.31
180.11 (with tare)

Dry Weight After Washing (g): 154.93 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 6.36 95.14 100 6.36
3/8" 9.500 2.97 92.87 100 2.97
#4 4.750 2.03 91.31 100 2.03
#7 2.800 2.22 89.62 100 2.22
#10 2.000 1.57 88.42 90 1.41
#14 1.400 2.09 86.82 90 1.88
#18 1.000 1.50 85.67 90 1.35
#25 0.710 1.27 84.70 90 1.14
#35 0.500 0.96 83.97 90 0.86
#45 0.355 0.54 83.56 100 0.54
#60 0.250 0.99 82.80 90 0.89
#80 0.180 9.26 75.72 30 2.78
#120 0.125 51.95 36.00 5 2.60
#170 0.090 17.50 22.62 1 0.18
#230 0.063 5.21 18.64 1 0.05

Total Shell Content:  21 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little carbonate, little clay, 
dark gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

21 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-1Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
little carbonate, little clay, dark gray (SC)

17.5-18.0
Sample No.

GRADATION CURVES
9/3/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 19.9-20.4
Project No.: 1584-01-40 Date: 9/3/2003
Boring No.: T1-03-V-1
Sample No.: 3
Description:

Tare Weight, (g):  50.25
175.05 (with tare)

Dry Weight After Washing (g): 95.14 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.05 99.96 40 0.02
#14 1.400 0.12 99.86 40 0.05
#18 1.000 0.21 99.70 30 0.06
#25 0.710 0.28 99.47 20 0.06
#35 0.500 0.54 99.04 20 0.11
#45 0.355 0.89 98.33 5 0.04
#60 0.250 1.56 97.08 1 0.02
#80 0.180 4.86 93.18 1 0.05
#120 0.125 11.71 83.80 1 0.12
#170 0.090 15.21 71.61 1 0.15
#230 0.063 9.27 64.18 1 0.09

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, trace carbonate, 
trace organic material, dark gray (CH)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-1Boring No.

Classification
CLAY, inorganic-H, some fine-grained 

quartz sand, trace carbonate, trace organic 
material, dark gray (CH)

19.9-20.4
Sample No.

GRADATION CURVES
9/3/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 21.0-21.5
Project No.: 1584-01-40 Date: 9/3/2003
Boring No.: T1-03-V-1
Sample No.: 4
Description:

Tare Weight, (g):  49.47
206.36 (with tare)

Dry Weight After Washing (g): 175.1 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.72 99.54 0 0.00
#10 2.000 0.58 99.17 0 0.00
#14 1.400 1.27 98.36 0 0.00
#18 1.000 2.50 96.77 5 0.13
#25 0.710 4.68 93.79 5 0.23
#35 0.500 8.67 88.26 10 0.87
#45 0.355 15.63 78.30 10 1.56
#60 0.250 20.88 64.99 5 1.04
#80 0.180 42.60 37.84 1 0.43
#120 0.125 21.27 24.28 1 0.21
#170 0.090 5.30 20.90 1 0.05
#230 0.063 1.81 19.75 1 0.02

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, few organic 
material, trace carbonate, dark gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

3 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-1Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 

little clay, few organic material, trace 
carbonate, dark gray (SC)

21.0-21.5
Sample No.

GRADATION CURVES
9/3/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 22.8-23.3
Project No.: 1584-01-40 Date: 9/3/2003
Boring No.: T1-03-V-1
Sample No.: 5
Description:

Tare Weight, (g):  49.66
192.43 (with tare)

Dry Weight After Washing (g): 107.59 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.01 99.99 0 0.00
#14 1.400 0.36 99.74 10 0.04
#18 1.000 0.65 99.29 10 0.07
#25 0.710 1.22 98.43 5 0.06
#35 0.500 2.17 96.91 5 0.11
#45 0.355 3.17 94.69 5 0.16
#60 0.250 3.93 91.94 1 0.04
#80 0.180 11.92 83.59 1 0.12
#120 0.125 18.99 70.29 1 0.19
#170 0.090 9.28 63.79 1 0.09
#230 0.063 5.84 59.70 1 0.06

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, few organic matter, 
trace carbonate, dark gray

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

1 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-1Boring No.

Classification
CLAY, inorganic-H, some fine-grained 
quartz sand, few organic matter, trace 

carbonate, dark gray

22.8-23.3
Sample No.

GRADATION CURVES
9/3/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 23.8-24.3
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-1
Sample No.: 6
Description:

Tare Weight, (g):  49.96
223.98 (with tare)

Dry Weight After Washing (g): 202.63 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 9.77 94.39 0 0.00
#7 2.800 13.06 86.88 5 0.65
#10 2.000 7.29 82.69 5 0.36
#14 1.400 8.77 77.65 5 0.44
#18 1.000 8.94 72.51 5 0.45
#25 0.710 10.11 66.70 5 0.51
#35 0.500 15.27 57.93 10 1.53
#45 0.355 18.76 47.15 5 0.94
#60 0.250 12.18 40.15 1 0.12
#80 0.180 24.81 25.89 1 0.25
#120 0.125 17.85 15.64 1 0.18
#170 0.090 4.15 13.25 1 0.04
#230 0.063 1.73 12.26 1 0.02

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly medium to fine-grained quartz, little fragmented 
limestone, little clay, trace carbonate, gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth
SAND, clayey, mostly medium to fine-

grained quartz, little fragmented limestone, 
little clay, trace carbonate, gray (SC)

23.8-24.3 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-1Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 26.0-26.5
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-1
Sample No.: 7
Description:

Tare Weight, (g):  50.28
199.3 (with tare)

Dry Weight After Washing (g): 180.14 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.17 99.88 80 0.14
#14 1.400 0.51 99.54 100 0.51
#18 1.000 0.49 99.21 80 0.39
#25 0.710 0.76 98.70 80 0.61
#35 0.500 2.86 96.78 50 1.43
#45 0.355 10.46 89.76 20 2.09
#60 0.250 13.56 80.66 20 2.71
#80 0.180 76.40 29.39 5 3.82
#120 0.125 19.98 15.98 5 1.00
#170 0.090 2.98 13.98 10 0.30
#230 0.063 1.55 12.94 30 0.47

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, few carbonate, few 
fragmented limestone, greenish gray (SM)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

silt, few carbonate, few fragmented 
limestone, greenish gray (SM)

26.0-26.5 Project7 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-1Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 28.5-29.0
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-1
Sample No.: 8
Description:

Tare Weight, (g):  50.05
197.72 (with tare)

Dry Weight After Washing (g): 188.12 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.03 99.98 100 0.03
#10 2.000 0.01 99.97 100 0.01
#14 1.400 0.56 99.59 100 0.56
#18 1.000 0.61 99.18 90 0.55
#25 0.710 0.89 98.58 90 0.80
#35 0.500 1.82 97.35 60 1.09
#45 0.355 4.84 94.07 30 1.45
#60 0.250 6.87 89.42 20 1.37
#80 0.180 93.90 25.83 5 4.70
#120 0.125 23.59 9.85 5 1.18
#170 0.090 4.18 7.02 10 0.42
#230 0.063 0.97 6.37 40 0.39

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few 
carbonate, few silt, greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

8
Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-

grained quartz, few carbonate, few silt, 
greenish gray (SP-SM)

28.5-29.0 Project8 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-1Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 4.5-5.0
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-2
Sample No.: 1
Description:

Tare Weight, (g):  50.20
172.36 (with tare)

Dry Weight After Washing (g): 147.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.35 98.08 100 2.35
#4 4.750 3.33 95.35 100 3.33
#7 2.800 3.68 92.34 100 3.68
#10 2.000 2.88 89.98 100 2.88
#14 1.400 2.85 87.65 100 2.85
#18 1.000 1.99 86.02 100 1.99
#25 0.710 1.43 84.85 100 1.43
#35 0.500 0.94 84.08 100 0.94
#45 0.355 0.60 83.59 85 0.51
#60 0.250 0.78 82.95 60 0.47
#80 0.180 7.23 77.03 20 1.45
#120 0.125 49.62 36.41 5 2.48
#170 0.090 14.38 24.64 1 0.14
#230 0.063 5.15 20.42 1 0.05

Total Shell Content:  20 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little carbonate, little clay, 
very dark gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

20
Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 
little carbonate, little clay, very dark gray 

(SC)

4.5-5.0 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-2Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.3-6.8
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-2
Sample No.: 2
Description:

Tare Weight, (g):  50.37
152.75 (with tare)

Dry Weight After Washing (g): 120.22 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 2.51 97.55 100 2.51
3/8" 9.500 0.44 97.12 100 0.44
#4 4.750 1.36 95.79 100 1.36
#7 2.800 1.22 94.60 100 1.22
#10 2.000 0.59 94.02 100 0.59
#14 1.400 0.77 93.27 100 0.77
#18 1.000 0.63 92.65 100 0.63
#25 0.710 0.49 92.18 90 0.44
#35 0.500 0.50 91.69 80 0.40
#45 0.355 0.52 91.18 80 0.42
#60 0.250 0.68 90.52 70 0.48
#80 0.180 4.46 86.16 40 1.78
#120 0.125 38.14 48.91 15 5.72
#170 0.090 13.24 35.97 5 0.66
#230 0.063 4.24 31.83 1 0.04

Total Shell Content:  17 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, little carbonate, 
trace fragmented limestone, dark gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

17
Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 

some clay, little carbonate, trace 
fragmented limestone, dark gray (SC)

6.3-6.8 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-2Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 8.5-9.0
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-2
Sample No.: 3
Description:

Tare Weight, (g):  50.06
159.37 (with tare)

Dry Weight After Washing (g): 132.86 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.15 99.86 100 0.15
#10 2.000 0.11 99.76 100 0.11
#14 1.400 0.36 99.43 100 0.36
#18 1.000 0.38 99.09 30 0.11
#25 0.710 0.45 98.67 30 0.14
#35 0.500 0.47 98.24 20 0.09
#45 0.355 0.53 97.76 20 0.11
#60 0.250 0.71 97.11 20 0.14
#80 0.180 6.26 91.38 10 0.63
#120 0.125 53.39 42.54 3 1.60
#170 0.090 14.74 29.05 1 0.15
#230 0.063 4.94 24.54 1 0.05

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, trace fragmented 
limestone, trace carbonate, very dark gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 

little clay, trace fragmented limestone, trace 
carbonate, very dark gray (SC)

8.5-9.0 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-2Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 10.0-10.5
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-2
Sample No.: 4
Description:

Tare Weight, (g):  49.57
167.43 (with tare)

Dry Weight After Washing (g): 149.44 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.37 99.69 100 0.37
#7 2.800 0.00 99.69 0 0.00
#10 2.000 0.12 99.58 0 0.00
#14 1.400 0.27 99.36 5 0.01
#18 1.000 0.26 99.13 5 0.01
#25 0.710 0.19 98.97 20 0.04
#35 0.500 0.17 98.83 10 0.02
#45 0.355 0.23 98.63 10 0.02
#60 0.250 0.32 98.36 10 0.03
#80 0.180 6.20 93.10 5 0.31
#120 0.125 66.82 36.41 1 0.67
#170 0.090 20.62 18.91 1 0.21
#230 0.063 4.16 15.38 1 0.04

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, trace fragmented 
limestone, trace carbonate, trace organic material, dark gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 

little clay, trace fragmented limestone, trace 
carbonate, trace organic material, dark gray 

(SC)

10.0-10.5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-2Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 12.0-12.5
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-2
Sample No.: 5
Description:

Tare Weight, (g):  50.22
149.41 (with tare)

Dry Weight After Washing (g): 119.51 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.23 99.77 100 0.23
#7 2.800 0.00 99.77 0 0.00
#10 2.000 0.12 99.65 80 0.10
#14 1.400 0.18 99.47 100 0.18
#18 1.000 0.19 99.27 50 0.10
#25 0.710 0.16 99.11 40 0.06
#35 0.500 0.23 98.88 30 0.07
#45 0.355 0.27 98.61 20 0.05
#60 0.250 0.50 98.10 20 0.10
#80 0.180 5.95 92.11 5 0.30
#120 0.125 39.29 52.50 1 0.39
#170 0.090 16.10 36.26 1 0.16
#230 0.063 5.82 30.40 1 0.06

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace fragmented 
limestone, trace carbonate, dark gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 
some clay, trace fragmented limestone, 

trace carbonate, dark gray (SC)

12.0-12.5 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-2Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 13.7-14.2
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-2
Sample No.: 6
Description:

Tare Weight, (g):  50.75
157.31 (with tare)

Dry Weight After Washing (g): 130.17 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 7.21 93.23 100 7.21
3/8" 9.500 6.75 86.90 100 6.75
#4 4.750 3.04 84.05 100 3.04
#7 2.800 1.61 82.54 100 1.61
#10 2.000 1.03 81.57 100 1.03
#14 1.400 1.11 80.53 100 1.11
#18 1.000 0.88 79.70 80 0.70
#25 0.710 0.83 78.92 70 0.58
#35 0.500 0.68 78.28 70 0.48
#45 0.355 0.73 77.60 70 0.51
#60 0.250 0.90 76.75 40 0.36
#80 0.180 6.25 70.89 15 0.94
#120 0.125 29.35 43.35 5 1.47
#170 0.090 14.18 30.04 1 0.14
#230 0.063 4.85 25.49 1 0.05

Total Shell Content:  24 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little carbonate, little clay, 
trace fragmented limestone, dark gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

24
Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 

little carbonate, little clay, trace fragmented 
limestone, dark gray (SC)

13.7-14.2 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-2Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 15.3-15.8
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-2
Sample No.: 7
Description:

Tare Weight, (g):  50.15
213.88 (with tare)

Dry Weight After Washing (g): 181.04 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.96 99.41 100 0.96
#4 4.750 0.52 99.10 80 0.42
#7 2.800 0.88 98.56 100 0.88
#10 2.000 0.68 98.14 90 0.61
#14 1.400 0.71 97.71 80 0.57
#18 1.000 0.66 97.31 80 0.53
#25 0.710 0.79 96.82 70 0.55
#35 0.500 1.18 96.10 40 0.47
#45 0.355 2.23 94.74 30 0.67
#60 0.250 5.86 91.16 15 0.88
#80 0.180 39.35 67.13 5 1.97
#120 0.125 51.18 35.87 1 0.51
#170 0.090 18.77 24.41 1 0.19
#230 0.063 6.40 20.50 1 0.06

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, few carbonate, 
trace fragmented limestone, trace organic material, dark gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6
Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 
little clay, few carbonate, trace fragmented 
limestone, trace organic material, dark gray 

(SC)

15.3-15.8 Project7 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-2Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 17.3-17.8
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-2
Sample No.: 8
Description:

Tare Weight, (g):  50.11
178.77 (with tare)

Dry Weight After Washing (g): 145.22 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.05 99.95 0 0.00
#14 1.400 0.22 99.78 10 0.02
#18 1.000 0.19 99.63 20 0.04
#25 0.710 0.21 99.47 20 0.04
#35 0.500 0.27 99.26 10 0.03
#45 0.355 0.43 98.93 20 0.09
#60 0.250 0.95 98.19 10 0.10
#80 0.180 6.60 93.06 3 0.20
#120 0.125 45.41 57.76 1 0.45
#170 0.090 29.77 34.63 1 0.30
#230 0.063 10.07 26.80 1 0.10

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, trace carbonate, 
trace fragmented limestone, dark gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 

little clay, trace carbonate, trace fragmented 
limestone, dark gray (SC)

17.3-17.8 Project8 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-2Boring No.

Classification

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 5.2-5.7
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-3
Sample No.: 1
Description:

Tare Weight, (g):  50.06
191.31 (with tare)

Dry Weight After Washing (g): 189.97 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.07 99.24 100 1.07
#4 4.750 1.58 98.12 100 1.58
#7 2.800 0.90 97.49 100 0.90
#10 2.000 0.65 97.03 100 0.65
#14 1.400 0.58 96.62 100 0.58
#18 1.000 0.37 96.35 100 0.37
#25 0.710 0.22 96.20 100 0.22
#35 0.500 0.24 96.03 80 0.19
#45 0.355 0.55 95.64 40 0.22
#60 0.250 4.54 92.42 20 0.91
#80 0.180 96.81 23.89 5 4.84
#120 0.125 29.93 2.70 1 0.30
#170 0.090 2.32 1.05 1 0.02
#230 0.063 0.22 0.90 1 0.00

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

8 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-3Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
5.2-5.7

Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.0-7.5
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-3
Sample No.: 2
Description:

Tare Weight, (g):  50.12
174.79 (with tare)

Dry Weight After Washing (g): 171.94 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.71 99.43 100 0.71
#4 4.750 2.73 97.24 100 2.73
#7 2.800 2.45 95.28 100 2.45
#10 2.000 1.79 93.84 100 1.79
#14 1.400 2.61 91.75 100 2.61
#18 1.000 2.70 89.58 100 2.70
#25 0.710 2.61 87.49 100 2.61
#35 0.500 2.60 85.40 90 2.34
#45 0.355 6.18 80.44 40 2.47
#60 0.250 22.76 62.19 10 2.28
#80 0.180 48.64 23.17 3 1.46
#120 0.125 21.36 6.04 1 0.21
#170 0.090 3.72 3.06 1 0.04
#230 0.063 0.63 2.55 1 0.01

Total Shell Content:  20 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

20 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-3Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)
7.0-7.5

Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 9.2-9.7
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-3
Sample No.: 3
Description:

Tare Weight, (g):  50.56
190.29 (with tare)

Dry Weight After Washing (g): 155.9 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 7.41 94.70 100 7.41
#4 4.750 1.90 93.34 100 1.90
#7 2.800 1.09 92.56 100 1.09
#10 2.000 0.64 92.10 100 0.64
#14 1.400 0.74 91.57 100 0.74
#18 1.000 0.50 91.21 80 0.40
#25 0.710 0.48 90.87 70 0.34
#35 0.500 0.42 90.57 80 0.34
#45 0.355 0.50 90.21 80 0.40
#60 0.250 0.94 89.54 70 0.66
#80 0.180 12.68 80.46 20 2.54
#120 0.125 54.52 41.44 5 2.73
#170 0.090 16.35 29.74 1 0.16
#230 0.063 6.30 25.23 1 0.06

Total Shell Content:  14 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, little carbonate, 
trace fragmented limestone, dark gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

14
Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 

little clay, little carbonate, trace fragmented 
limestone, dark gray (SC)

9.2-9.7 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-3Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 11.0-11.5
Project No.: 1584-01-40 Date: 9/4/2003
Boring No.: T1-03-V-3
Sample No.: 4
Description:

Tare Weight, (g):  50.44
189.17 (with tare)

Dry Weight After Washing (g): 162.67 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.25 99.81 0 0.00
#14 1.400 0.24 99.64 10 0.02
#18 1.000 0.14 99.54 20 0.03
#25 0.710 0.16 99.42 25 0.04
#35 0.500 0.16 99.31 25 0.04
#45 0.355 0.24 99.14 15 0.04
#60 0.250 0.50 98.77 10 0.05
#80 0.180 7.77 93.17 5 0.39
#120 0.125 78.18 36.82 1 0.78
#170 0.090 18.91 23.19 1 0.19
#230 0.063 5.06 19.54 1 0.05

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, trace carbonate, 
trace fragmented limestone, dark gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-3Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 

little clay, trace carbonate, trace fragmented 
limestone, dark gray (SC)

11.0-11.5
Sample No.

GRADATION CURVES
9/4/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 12.2-12.7
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-3
Sample No.: 5
Description:

Tare Weight, (g):  50.34
179.53 (with tare)

Dry Weight After Washing (g): 174.26 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.51 99.61 100 0.51
#7 2.800 0.04 99.57 100 0.04
#10 2.000 0.08 99.51 100 0.08
#14 1.400 0.12 99.42 80 0.10
#18 1.000 0.09 99.35 80 0.07
#25 0.710 0.07 99.30 30 0.02
#35 0.500 0.18 99.16 40 0.07
#45 0.355 0.38 98.86 30 0.11
#60 0.250 1.04 98.06 15 0.16
#80 0.180 23.80 79.63 5 1.19
#120 0.125 81.05 16.90 1 0.81
#170 0.090 14.30 5.83 1 0.14
#230 0.063 2.30 4.05 1 0.02

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

3 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-3Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

12.2-12.7
Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 13.0-13.5
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-3
Sample No.: 6
Description:

Tare Weight, (g):  50.22
161.12 (with tare)

Dry Weight After Washing (g): 126.13 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.13 99.88 100 0.13
#7 2.800 0.41 99.51 80 0.33
#10 2.000 0.23 99.31 80 0.18
#14 1.400 0.43 98.92 50 0.22
#18 1.000 0.54 98.43 30 0.16
#25 0.710 0.87 97.65 20 0.17
#35 0.500 1.43 96.36 5 0.07
#45 0.355 2.58 94.03 1 0.03
#60 0.250 4.50 89.97 1 0.05
#80 0.180 11.45 79.65 1 0.11
#120 0.125 27.96 54.44 1 0.28
#170 0.090 17.00 39.11 1 0.17
#230 0.063 7.72 32.15 1 0.08

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
trace fragmented limestone, trace organic material, dark gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

2 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-3Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 

some clay, trace carbonate, trace 
fragmented limestone, trace organic 

material, dark gray (SC)

13.0-13.5
Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 16.0-16.5
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-3
Sample No.: 7
Description:

Tare Weight, (g):  48.73
177.46 (with tare)

Dry Weight After Washing (g): 114.75 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.05 99.96 0 0.00
#10 2.000 0.06 99.91 0 0.00
#14 1.400 0.19 99.77 10 0.02
#18 1.000 0.54 99.35 10 0.05
#25 0.710 0.99 98.58 10 0.10
#35 0.500 1.71 97.25 1 0.02
#45 0.355 3.06 94.87 5 0.15
#60 0.250 5.25 90.79 1 0.05
#80 0.180 12.01 81.47 1 0.12
#120 0.125 18.57 67.04 1 0.19
#170 0.090 13.51 56.54 1 0.14
#230 0.063 9.49 49.17 1 0.09

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
trace fragmented limestone, dark gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

1 Project7 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-3Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 

some clay, trace carbonate, trace 
fragmented limestone, dark gray (SC)

16.0-16.5
Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 17.4-17.9
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-3
Sample No.: 8
Description:

Tare Weight, (g):  49.22
172.51 (with tare)

Dry Weight After Washing (g): 149.12 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.05 99.15 0 0.00
#7 2.800 0.05 99.11 0 0.00
#10 2.000 0.17 98.97 0 0.00
#14 1.400 0.42 98.63 10 0.04
#18 1.000 0.42 98.29 10 0.04
#25 0.710 0.69 97.73 5 0.03
#35 0.500 1.35 96.63 5 0.07
#45 0.355 5.64 92.06 1 0.06
#60 0.250 12.43 81.98 1 0.12
#80 0.180 17.77 67.56 1 0.18
#120 0.125 13.85 56.33 1 0.14
#170 0.090 30.46 31.62 1 0.30
#230 0.063 14.21 20.10 1 0.14

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, trace carbonate, 
trace organic material, gray (SC)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

1 Project8 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-3Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
little clay, trace carbonate, trace organic 

material, gray (SC)

17.4-17.9
Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 5.6-6.1
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-4
Sample No.: 1
Description:

Tare Weight, (g):  49.77
161.01 (with tare)

Dry Weight After Washing (g): 160.05 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.13 99.88 100 0.13
#10 2.000 0.21 99.69 50 0.11
#14 1.400 0.17 99.54 70 0.12
#18 1.000 0.31 99.26 50 0.16
#25 0.710 0.39 98.91 70 0.27
#35 0.500 0.97 98.04 50 0.49
#45 0.355 3.11 95.24 30 0.93
#60 0.250 15.17 81.61 10 1.52
#80 0.180 65.46 22.76 5 3.27
#120 0.125 22.81 2.26 1 0.23
#170 0.090 1.58 0.84 1 0.02
#230 0.063 0.24 0.62 1 0.00

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
5.6-6.1 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-4Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.5-8.0
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-4
Sample No.: 2
Description:

Tare Weight, (g):  49.80
137.21 (with tare)

Dry Weight After Washing (g): 136.34 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 100 0.02
#14 1.400 0.14 99.82 10 0.01
#18 1.000 0.15 99.65 10 0.02
#25 0.710 0.08 99.55 50 0.04
#35 0.500 0.23 99.29 90 0.21
#45 0.355 1.12 98.01 50 0.56
#60 0.250 10.62 85.86 20 2.12
#80 0.180 50.80 27.74 5 2.54
#120 0.125 21.80 2.80 1 0.22
#170 0.090 1.57 1.01 1 0.02
#230 0.063 0.18 0.80 1 0.00

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
7.5-8.0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-4Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 9.0-9.5
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-4
Sample No.: 3
Description:

Tare Weight, (g):  49.88
176.55 (with tare)

Dry Weight After Washing (g): 175.38 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.06 99.95 30 0.02
#10 2.000 0.08 99.89 20 0.02
#14 1.400 0.16 99.76 30 0.05
#18 1.000 0.05 99.72 20 0.01
#25 0.710 0.05 99.68 40 0.02
#35 0.500 0.14 99.57 70 0.10
#45 0.355 0.98 98.80 50 0.49
#60 0.250 11.09 90.04 20 2.22
#80 0.180 84.15 23.61 5 4.21
#120 0.125 26.61 2.61 1 0.27
#170 0.090 2.02 1.01 1 0.02
#230 0.063 0.22 0.84 1 0.00

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-4Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
9.0-9.5

Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.6-7.1
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-5
Sample No.: 1
Description:

Tare Weight, (g):  50.31
171.38 (with tare)

Dry Weight After Washing (g): 170.44 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.11 99.91 50 0.06
#7 2.800 0.14 99.79 100 0.14
#10 2.000 0.13 99.69 100 0.13
#14 1.400 0.43 99.33 80 0.34
#18 1.000 0.47 98.94 90 0.42
#25 0.710 0.87 98.22 90 0.78
#35 0.500 2.38 96.26 60 1.43
#45 0.355 8.28 89.42 30 2.48
#60 0.250 27.52 66.69 15 4.13
#80 0.180 55.99 20.44 5 2.80
#120 0.125 21.61 2.59 1 0.22
#170 0.090 1.60 1.27 1 0.02
#230 0.063 0.17 1.13 1 0.00

Total Shell Content:  11 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

11
Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
6.6-7.1 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-5Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 8.5-9.0
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-5
Sample No.: 2
Description:

Tare Weight, (g):  50.16
188.35 (with tare)

Dry Weight After Washing (g): 186.97 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.07 99.95 90 0.06
#10 2.000 0.14 99.85 100 0.14
#14 1.400 0.30 99.63 90 0.27
#18 1.000 0.40 99.34 90 0.36
#25 0.710 0.60 98.91 80 0.48
#35 0.500 1.41 97.89 50 0.71
#45 0.355 6.10 93.47 30 1.83
#60 0.250 35.30 67.93 10 3.53
#80 0.180 68.12 18.63 3 2.04
#120 0.125 21.98 2.73 1 0.22
#170 0.090 1.72 1.48 1 0.02
#230 0.063 0.28 1.28 1 0.00

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

7 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-5Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
8.5-9.0

Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 4.7-5.2
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-6
Sample No.: 1
Description:

Tare Weight, (g):  50.16
205.75 (with tare)

Dry Weight After Washing (g): 203.99 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.14 99.91 50 0.07
#10 2.000 0.13 99.83 70 0.09
#14 1.400 0.36 99.60 70 0.25
#18 1.000 0.53 99.25 80 0.42
#25 0.710 1.06 98.57 70 0.74
#35 0.500 2.03 97.27 60 1.22
#45 0.355 5.20 93.93 40 2.08
#60 0.250 21.73 79.96 15 3.26
#80 0.180 88.18 23.29 3 2.65
#120 0.125 31.09 3.30 1 0.31
#170 0.090 2.98 1.39 1 0.03
#230 0.063 0.28 1.21 1 0.00

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

7 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-6Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
4.7-5.2

Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.5-7.0
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-6
Sample No.: 2
Description:

Tare Weight, (g):  50.40
165.23 (with tare)

Dry Weight After Washing (g): 164 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.01 99.99 0 0.00
#7 2.800 0.08 99.92 100 0.08
#10 2.000 0.11 99.83 90 0.10
#14 1.400 0.27 99.59 90 0.24
#18 1.000 0.50 99.16 90 0.45
#25 0.710 0.81 98.45 70 0.57
#35 0.500 1.68 96.99 70 1.18
#45 0.355 4.24 93.29 60 2.54
#60 0.250 17.27 78.25 10 1.73
#80 0.180 60.42 25.64 3 1.81
#120 0.125 25.87 3.11 1 0.26
#170 0.090 2.18 1.21 1 0.02
#230 0.063 0.24 1.00 1 0.00

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

8 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-6Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
6.5-7.0

Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 4.8-5.3
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-7
Sample No.: 1
Description:

Tare Weight, (g):  48.59
195.45 (with tare)

Dry Weight After Washing (g): 194.17 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.51 99.65 100 0.51
#4 4.750 0.04 99.63 100 0.04
#7 2.800 0.28 99.43 90 0.25
#10 2.000 0.30 99.23 100 0.30
#14 1.400 0.87 98.64 90 0.78
#18 1.000 1.19 97.83 90 1.07
#25 0.710 1.88 96.55 70 1.32
#35 0.500 3.60 94.10 40 1.44
#45 0.355 8.04 88.62 20 1.61
#60 0.250 19.57 75.30 5 0.98
#80 0.180 74.60 24.50 1 0.75
#120 0.125 31.13 3.30 1 0.31
#170 0.090 2.81 1.39 1 0.03
#230 0.063 0.18 1.27 1 0.00

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-7Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
4.8-5.3

Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.5-7.0
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-7
Sample No.: 2
Description:

Tare Weight, (g):  49.70
171.2 (with tare)

Dry Weight After Washing (g): 169.97 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.09 99.93 100 0.09
#10 2.000 0.12 99.83 100 0.12
#14 1.400 0.56 99.37 90 0.50
#18 1.000 0.73 98.77 90 0.66
#25 0.710 1.22 97.76 80 0.98
#35 0.500 2.39 95.79 70 1.67
#45 0.355 6.52 90.43 30 1.96
#60 0.250 17.90 75.70 10 1.79
#80 0.180 26.70 53.72 3 0.80
#120 0.125 29.53 29.42 1 0.30
#170 0.090 3.73 26.35 1 0.04
#230 0.063 0.34 26.07 1 0.00

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, few carbonate, gray 
(SM)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

silt, few carbonate, gray (SM)
6.5-7.0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-7Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.2-7.7
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-8
Sample No.: 1
Description:

Tare Weight, (g):  50.27
172.45 (with tare)

Dry Weight After Washing (g): 171.6 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.01 99.99 0 0.00
#7 2.800 0.23 99.80 90 0.21
#10 2.000 0.24 99.61 100 0.24
#14 1.400 0.45 99.24 90 0.41
#18 1.000 0.60 98.75 90 0.54
#25 0.710 1.25 97.72 80 1.00
#35 0.500 2.71 95.51 50 1.36
#45 0.355 8.80 88.30 30 2.64
#60 0.250 30.46 63.37 10 3.05
#80 0.180 56.11 17.45 3 1.68
#120 0.125 18.51 2.30 1 0.19
#170 0.090 1.42 1.14 1 0.01
#230 0.063 0.08 1.07 1 0.00

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

9 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-8Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
7.2-7.7

Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 9.0-9.5
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-8
Sample No.: 2
Description:

Tare Weight, (g):  50.54
167.3 (with tare)

Dry Weight After Washing (g): 165.74 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.06 99.94 20 0.01
#14 1.400 0.10 99.85 20 0.02
#18 1.000 0.12 99.75 30 0.04
#25 0.710 0.25 99.54 80 0.20
#35 0.500 0.56 99.06 70 0.39
#45 0.355 1.16 98.06 50 0.58
#60 0.250 3.40 95.15 30 1.02
#80 0.180 58.69 44.89 5 2.93
#120 0.125 44.64 6.65 1 0.45
#170 0.090 5.45 1.99 1 0.05
#230 0.063 0.40 1.64 1 0.00

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-8Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
9.0-9.5

Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 11.0-11.5
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-8
Sample No.: 3
Description:

Tare Weight, (g):  50.33
183 (with tare)

Dry Weight After Washing (g): 181.49 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.08 99.94 100 0.08
#7 2.800 1.19 99.04 100 1.19
#10 2.000 1.52 97.90 95 1.44
#14 1.400 2.78 95.80 100 2.78
#18 1.000 5.55 91.62 80 4.44
#25 0.710 8.36 85.32 50 4.18
#35 0.500 8.75 78.72 30 2.63
#45 0.355 5.15 74.84 15 0.77
#60 0.250 9.44 67.72 10 0.94
#80 0.180 59.27 23.05 3 1.78
#120 0.125 26.07 3.40 1 0.26
#170 0.090 2.65 1.40 1 0.03
#230 0.063 0.31 1.17 1 0.00

Total Shell Content:  15 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

15 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-8Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)
11.0-11.5

Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 4.6-5.1
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-9
Sample No.: 1
Description:

Tare Weight, (g):  49.81
182.98 (with tare)

Dry Weight After Washing (g): 181.9 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.13 99.90 100 0.13
#7 2.800 0.34 99.65 100 0.34
#10 2.000 0.27 99.44 100 0.27
#14 1.400 0.66 98.95 90 0.59
#18 1.000 0.88 98.29 80 0.70
#25 0.710 1.04 97.51 70 0.73
#35 0.500 1.54 96.35 40 0.62
#45 0.355 2.81 94.24 20 0.56
#60 0.250 10.96 86.01 20 2.19
#80 0.180 91.55 17.26 5 4.58
#120 0.125 20.43 1.92 1 0.20
#170 0.090 1.30 0.95 1 0.01
#230 0.063 0.07 0.89 1 0.00

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

8 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-9Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
4.6-5.1

Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 8.4-8.9
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-10
Sample No.: 1
Description:

Tare Weight, (g):  50.19
205.84 (with tare)

Dry Weight After Washing (g): 203.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.30 98.52 100 2.30
#4 4.750 0.59 98.14 100 0.59
#7 2.800 1.70 97.05 100 1.70
#10 2.000 1.37 96.17 90 1.23
#14 1.400 1.84 94.99 90 1.66
#18 1.000 2.56 93.34 80 2.05
#25 0.710 3.23 91.27 60 1.94
#35 0.500 4.80 88.19 40 1.92
#45 0.355 7.77 83.19 30 2.33
#60 0.250 29.82 64.03 10 2.98
#80 0.180 77.22 14.42 3 2.32
#120 0.125 18.17 2.75 1 0.18
#170 0.090 1.81 1.59 1 0.02
#230 0.063 0.35 1.36 1 0.00

Total Shell Content:  14 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

14 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-10Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)
8.4-8.9

Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 10.4-10.9
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-10
Sample No.: 2
Description:

Tare Weight, (g):  49.95
179.77 (with tare)

Dry Weight After Washing (g): 177.63 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.24 99.82 100 0.24
#7 2.800 0.40 99.51 100 0.40
#10 2.000 0.61 99.04 90 0.55
#14 1.400 1.22 98.10 90 1.10
#18 1.000 1.67 96.81 90 1.50
#25 0.710 2.30 95.04 80 1.84
#35 0.500 4.53 91.55 60 2.72
#45 0.355 11.50 82.69 30 3.45
#60 0.250 27.61 61.42 10 2.76
#80 0.180 57.51 17.12 1 0.58
#120 0.125 17.74 3.46 1 0.18
#170 0.090 1.94 1.96 1 0.02
#230 0.063 0.52 1.56 1 0.01

Total Shell Content:  12 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

12 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-10Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)
10.4-10.9

Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 15.5-16.0
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-11A
Sample No.: 1
Description:

Tare Weight, (g):  49.87
232.02 (with tare)

Dry Weight After Washing (g): 230.7 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 2.88 98.42 100 2.88
3/8" 9.500 9.55 93.18 100 9.55
#4 4.750 6.87 89.40 100 6.87
#7 2.800 7.48 85.30 90 6.73
#10 2.000 6.54 81.71 95 6.21
#14 1.400 10.16 76.13 80 8.13
#18 1.000 13.51 68.71 80 10.81
#25 0.710 18.99 58.29 70 13.29
#35 0.500 27.57 43.15 40 11.03
#45 0.355 34.28 24.33 20 6.86
#60 0.250 28.98 8.42 5 1.45
#80 0.180 10.95 2.41 1 0.11
#120 0.125 2.63 0.97 1 0.03
#170 0.090 0.33 0.79 1 0.00
#230 0.063 0.09 0.74 1 0.00

Total Shell Content:  46 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, some 
carbonate, gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

46 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-11ABoring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, some carbonate, gray 
(SP)

15.5-16.0
Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 17.5-18.0
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-11A
Sample No.: 2
Description:

Tare Weight, (g):  50.34
183.49 (with tare)

Dry Weight After Washing (g): 181.99 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.31 99.77 90 0.28
#10 2.000 0.41 99.46 50 0.21
#14 1.400 0.71 98.93 70 0.50
#18 1.000 0.95 98.21 90 0.86
#25 0.710 2.14 96.61 80 1.71
#35 0.500 6.39 91.81 70 4.47
#45 0.355 31.09 68.46 60 18.65
#60 0.250 53.89 27.98 15 8.08
#80 0.180 28.86 6.31 5 1.44
#120 0.125 6.27 1.60 1 0.06
#170 0.090 0.57 1.17 1 0.01
#230 0.063 0.17 1.04 1 0.00

Total Shell Content:  27 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

27 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-11ABoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)
17.5-18.0

Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 19.5-20.0
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-11A
Sample No.: 3
Description:

Tare Weight, (g):  50.06
204.29 (with tare)

Dry Weight After Washing (g): 202.41 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.15 98.61 100 2.15
#4 4.750 1.65 97.54 100 1.65
#7 2.800 2.87 95.68 95 2.73
#10 2.000 2.70 93.92 80 2.16
#14 1.400 5.00 90.68 75 3.75
#18 1.000 7.55 85.79 70 5.29
#25 0.710 9.77 79.45 50 4.89
#35 0.500 15.03 69.71 40 6.01
#45 0.355 27.46 51.90 15 4.12
#60 0.250 44.94 22.76 5 2.25
#80 0.180 27.39 5.01 1 0.27
#120 0.125 5.00 1.76 1 0.05
#170 0.090 0.47 1.46 1 0.00
#230 0.063 0.26 1.29 1 0.00

Total Shell Content:  23 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, trace 
limestone fragments, gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

23 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-11ABoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, trace limestone 
fragments, gray (SP)

19.5-20.0
Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 21.0-21.5
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-11A
Sample No.: 4
Description:

Tare Weight, (g):  50.31
172.79 (with tare)

Dry Weight After Washing (g): 170.98 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.14 98.25 100 2.14
#4 4.750 6.00 93.35 100 6.00
#7 2.800 7.74 87.03 95 7.35
#10 2.000 6.78 81.50 90 6.10
#14 1.400 11.71 71.94 90 10.54
#18 1.000 12.75 61.53 75 9.56
#25 0.710 14.10 50.02 70 9.87
#35 0.500 15.80 37.12 60 9.48
#45 0.355 15.99 24.06 20 3.20
#60 0.250 13.18 13.30 10 1.32
#80 0.180 10.39 4.82 3 0.31
#120 0.125 3.04 2.34 1 0.03
#170 0.090 0.55 1.89 1 0.01
#230 0.063 0.29 1.65 1 0.00

Total Shell Content:  54 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly coarse to medium-grained carbonate, 
some medium to fine-grained quartz, gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

54
Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly coarse to 

medium-grained carbonate, some medium 
to fine-grained quartz, gray (SP)

21.0-21.5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-11ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 22.5-23.0
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-11A
Sample No.: 5
Description:

Tare Weight, (g):  50.18
209.05 (with tare)

Dry Weight After Washing (g): 206.78 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 6.13 96.14 100 6.13
3/8" 9.500 11.63 88.82 100 11.63
#4 4.750 6.25 84.89 100 6.25
#7 2.800 6.15 81.02 95 5.84
#10 2.000 4.43 78.23 100 4.43
#14 1.400 6.51 74.13 95 6.18
#18 1.000 7.24 69.57 80 5.79
#25 0.710 8.55 64.19 70 5.99
#35 0.500 12.64 56.23 60 7.58
#45 0.355 21.85 42.48 30 6.56
#60 0.250 30.80 23.09 10 3.08
#80 0.180 26.64 6.33 3 0.80
#120 0.125 6.13 2.47 1 0.06
#170 0.090 0.88 1.91 1 0.01
#230 0.063 0.46 1.62 1 0.00

Total Shell Content:  44 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, some 
carbonate, gray (SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

44 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-11ABoring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, some carbonate, gray 
(SP)

22.5-23.0
Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 3.0-3.5
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-12A
Sample No.: 1
Description:

Tare Weight, (g):  50.26
192.63 (with tare)

Dry Weight After Washing (g): 191.16 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.12 99.92 100 0.12
#7 2.800 0.21 99.77 100 0.21
#10 2.000 0.39 99.49 90 0.35
#14 1.400 0.80 98.93 90 0.72
#18 1.000 0.87 98.32 80 0.70
#25 0.710 1.30 97.41 50 0.65
#35 0.500 2.39 95.73 40 0.96
#45 0.355 5.20 92.08 25 1.30
#60 0.250 13.19 82.81 10 1.32
#80 0.180 84.38 23.54 3 2.53
#120 0.125 28.42 3.58 1 0.28
#170 0.090 2.86 1.57 1 0.03
#230 0.063 0.25 1.40 1 0.00

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

6 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-12ABoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
3.0-3.5

Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 5.5-6.0
Project No.: 1584-01-40 Date: 9/5/2003
Boring No.: T1-03-V-12A
Sample No.: 2
Description:

Tare Weight, (g):  50.43
178.48 (with tare)

Dry Weight After Washing (g): 175.76 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.01 99.99 100 0.01
#18 1.000 0.04 99.96 100 0.04
#25 0.710 0.01 99.95 100 0.01
#35 0.500 0.02 99.93 100 0.02
#45 0.355 0.22 99.76 90 0.20
#60 0.250 0.84 99.11 40 0.34
#80 0.180 80.99 35.86 5 4.05
#120 0.125 37.54 6.54 1 0.38
#170 0.090 5.01 2.63 1 0.05
#230 0.063 0.73 2.06 1 0.01

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



% CO3 Gs Nat w% LL PL PI

4 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-12ABoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
5.5-6.0

Sample No.

GRADATION CURVES
9/5/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.7-7.2
Project No.: 1584-01-40 Date: 9/15/2003
Boring No.: T1-03-V-105
Sample No.: 1
Description:

Tare Weight, (g):  49.37
141.53 (with tare)

Dry Weight After Washing (g): 140.35 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.41 99.56 100 0.41
#7 2.800 0.50 99.01 90 0.45
#10 2.000 0.43 98.55 90 0.39
#14 1.400 0.51 97.99 70 0.36
#18 1.000 0.23 97.74 80 0.18
#25 0.710 0.26 97.46 60 0.16
#35 0.500 0.41 97.02 60 0.25
#45 0.355 1.31 95.59 30 0.39
#60 0.250 7.10 87.89 10 0.71
#80 0.180 43.08 41.15 1 0.43
#120 0.125 32.90 5.45 1 0.33
#170 0.090 3.11 2.07 1 0.03
#230 0.063 0.20 1.86 1 0.00

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace fragmented 
limestone, trace carbonate, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-105Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace fragmented limestone, trace 

carbonate, gray (SP)

6.7-7.2
Sample No.

GRADATION CURVES
9/15/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 9.0-9.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-105
Sample No.: 2
Description:

Tare Weight, (g):  49.72
177.4 (with tare)

Dry Weight After Washing (g): 175.96 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 0 0.00
#10 2.000 0.08 99.93 20 0.02
#14 1.400 0.07 99.87 30 0.02
#18 1.000 0.06 99.83 70 0.04
#25 0.710 0.11 99.74 90 0.10
#35 0.500 0.36 99.46 70 0.25
#45 0.355 1.61 98.20 30 0.48
#60 0.250 12.50 88.41 5 0.63
#80 0.180 67.36 35.65 1 0.67
#120 0.125 38.14 5.78 1 0.38
#170 0.090 5.39 1.56 1 0.05
#230 0.063 0.32 1.31 1 0.00

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-105Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
9.0-9.5

Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 11.0-11.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-105
Sample No.: 3
Description:

Tare Weight, (g):  50.18
160.51 (with tare)

Dry Weight After Washing (g): 159.38 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 30 0.01
#14 1.400 0.10 99.89 100 0.10
#18 1.000 0.11 99.79 100 0.11
#25 0.710 0.29 99.53 90 0.26
#35 0.500 0.94 98.68 80 0.75
#45 0.355 3.93 95.11 30 1.18
#60 0.250 17.94 78.85 5 0.90
#80 0.180 53.70 30.18 1 0.54
#120 0.125 28.46 4.39 1 0.28
#170 0.090 3.06 1.61 1 0.03
#230 0.063 0.19 1.44 1 0.00

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-105Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
11.0-11.5

Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.0-7.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-106
Sample No.: 1
Description:

Tare Weight, (g):  50.28
152.17 (with tare)

Dry Weight After Washing (g): 151.15 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.13 99.87 100 0.13
#10 2.000 0.14 99.74 100 0.14
#14 1.400 0.21 99.53 80 0.17
#18 1.000 0.23 99.30 60 0.14
#25 0.710 0.25 99.06 50 0.13
#35 0.500 0.46 98.61 30 0.14
#45 0.355 1.43 97.20 20 0.29
#60 0.250 9.62 87.76 10 0.96
#80 0.180 68.51 20.52 1 0.69
#120 0.125 18.17 2.69 1 0.18
#170 0.090 1.24 1.47 1 0.01
#230 0.063 0.05 1.42 1 0.00

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-106Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

7.0-7.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 9.0-9.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-106
Sample No.: 2
Description:

Tare Weight, (g):  49.92
163.68 (with tare)

Dry Weight After Washing (g): 162.42 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.13 99.89 80 0.10
#10 2.000 0.11 99.79 70 0.08
#14 1.400 0.27 99.55 45 0.12
#18 1.000 0.42 99.18 35 0.15
#25 0.710 0.43 98.80 30 0.13
#35 0.500 0.95 97.97 10 0.10
#45 0.355 2.39 95.87 5 0.12
#60 0.250 6.46 90.19 3 0.19
#80 0.180 69.04 29.50 1 0.69
#120 0.125 29.58 3.50 1 0.30
#170 0.090 2.34 1.44 1 0.02
#230 0.063 0.19 1.27 1 0.00

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
9.0-9.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-106Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 11.0-11.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-106
Sample No.: 3
Description:

Tare Weight, (g):  49.34
173.98 (with tare)

Dry Weight After Washing (g): 172.6 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.61 99.51 100 0.61
#7 2.800 0.26 99.30 100 0.26
#10 2.000 0.45 98.94 90 0.41
#14 1.400 0.62 98.44 95 0.59
#18 1.000 1.06 97.59 65 0.69
#25 0.710 1.49 96.40 20 0.30
#35 0.500 3.48 93.61 10 0.35
#45 0.355 5.45 89.23 3 0.16
#60 0.250 8.11 82.73 3 0.24
#80 0.180 43.09 48.15 1 0.43
#120 0.125 53.22 5.46 1 0.53
#170 0.090 4.45 1.89 1 0.04
#230 0.063 0.40 1.56 1 0.00

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-106Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

11.0-11.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 3.5-5.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-107
Sample No.: 1
Description:

Tare Weight, (g):  50.04
187.83 (with tare)

Dry Weight After Washing (g): 186.38 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.05 99.96 100 0.05
#7 2.800 0.06 99.92 100 0.06
#10 2.000 0.19 99.78 80 0.15
#14 1.400 0.69 99.28 60 0.41
#18 1.000 0.65 98.81 50 0.33
#25 0.710 1.15 97.98 20 0.23
#35 0.500 2.55 96.12 10 0.26
#45 0.355 4.38 92.95 3 0.13
#60 0.250 10.91 85.03 1 0.11
#80 0.180 56.12 44.30 1 0.56
#120 0.125 54.95 4.42 1 0.55
#170 0.090 4.79 0.94 1 0.05
#230 0.063 0.32 0.71 1 0.00

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-107Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

3.5-5.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 4.0-6.0
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-107
Sample No.: 2
Description:

Tare Weight, (g):  49.96
186.77 (with tare)

Dry Weight After Washing (g): 184.84 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.08 99.94 100 0.08
#14 1.400 0.38 99.66 60 0.23
#18 1.000 0.90 99.01 40 0.36
#25 0.710 1.66 97.79 20 0.33
#35 0.500 3.13 95.50 10 0.31
#45 0.355 4.91 91.92 5 0.25
#60 0.250 9.71 84.82 3 0.29
#80 0.180 43.73 52.85 1 0.44
#120 0.125 61.18 8.14 1 0.61
#170 0.090 7.95 2.32 1 0.08
#230 0.063 0.90 1.67 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-107Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

4.0-6.0
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 8.0-8.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-108
Sample No.: 1
Description:

Tare Weight, (g):  50.22
166.12 (with tare)

Dry Weight After Washing (g): 165.06 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.07 99.94 35 0.02
#10 2.000 0.04 99.91 65 0.03
#14 1.400 0.14 99.78 80 0.11
#18 1.000 0.47 99.38 75 0.35
#25 0.710 0.71 98.77 50 0.36
#35 0.500 1.49 97.48 5 0.07
#45 0.355 2.55 95.28 3 0.08
#60 0.250 7.29 88.99 1 0.07
#80 0.180 49.65 46.15 1 0.50
#120 0.125 48.30 4.48 1 0.48
#170 0.090 3.76 1.23 1 0.04
#230 0.063 0.25 1.02 1 0.00

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-108Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

8.0-8.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 10.0-10.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-108
Sample No.: 2
Description:

Tare Weight, (g):  50.45
145.64 (with tare)

Dry Weight After Washing (g): 144.76 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.11 99.88 100 0.11
#10 2.000 0.04 99.84 100 0.04
#14 1.400 0.15 99.68 75 0.11
#18 1.000 0.19 99.49 80 0.15
#25 0.710 0.27 99.20 60 0.16
#35 0.500 0.53 98.64 15 0.08
#45 0.355 0.75 97.86 3 0.02
#60 0.250 2.49 95.24 1 0.02
#80 0.180 32.17 61.45 1 0.32
#120 0.125 52.76 6.02 1 0.53
#170 0.090 4.69 1.09 1 0.05
#230 0.063 0.42 0.65 1 0.00

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-108Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

10.0-10.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.1-6.6
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-109
Sample No.: 1
Description:

Tare Weight, (g):  50.25
161.85 (with tare)

Dry Weight After Washing (g): 160.86 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.01 99.99 65 0.01
#14 1.400 0.07 99.93 75 0.05
#18 1.000 0.06 99.87 60 0.04
#25 0.710 0.12 99.77 45 0.05
#35 0.500 0.50 99.32 15 0.08
#45 0.355 1.60 97.89 10 0.16
#60 0.250 1.47 96.57 3 0.04
#80 0.180 57.48 45.06 1 0.57
#120 0.125 40.78 8.52 1 0.41
#170 0.090 3.03 5.81 1 0.03
#230 0.063 0.18 5.65 1 0.00

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

gray (SP-SM)

6.1-6.6 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-109Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 10.6-11.1
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-110
Sample No.: 1
Description:

Tare Weight, (g):  50.17
181.37 (with tare)

Dry Weight After Washing (g): 180.29 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.46 98.89 100 1.46
#7 2.800 1.53 97.72 60 0.92
#10 2.000 1.25 96.77 60 0.75
#14 1.400 1.14 95.90 50 0.57
#18 1.000 1.25 94.95 25 0.31
#25 0.710 1.24 94.00 10 0.12
#35 0.500 2.03 92.45 3 0.06
#45 0.355 3.87 89.50 1 0.04
#60 0.250 13.88 78.93 1 0.14
#80 0.180 56.21 36.08 1 0.56
#120 0.125 41.88 4.16 1 0.42
#170 0.090 3.59 1.43 1 0.04
#230 0.063 0.26 1.23 1 0.00

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few fragmented 
limestone, trace carbonate, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-110Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few fragmented limestone, trace 

carbonate, gray (SP)

10.6-11.1
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 12.5-13.0
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-110
Sample No.: 2
Description:

Tare Weight, (g):  50.44
178.57 (with tare)

Dry Weight After Washing (g): 177.46 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.31 99.76 100 0.31
#7 2.800 0.84 99.10 80 0.67
#10 2.000 0.71 98.55 75 0.53
#14 1.400 1.49 97.39 50 0.75
#18 1.000 2.35 95.55 20 0.47
#25 0.710 2.49 93.61 15 0.37
#35 0.500 4.44 90.14 10 0.44
#45 0.355 7.28 84.46 3 0.22
#60 0.250 11.42 75.55 1 0.11
#80 0.180 61.75 27.36 1 0.62
#120 0.125 31.28 2.94 1 0.31
#170 0.090 2.23 1.20 1 0.02
#230 0.063 0.15 1.08 1 0.00

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few fragmented 
limestone, trace carbonate, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-110Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few fragmented limestone, trace 

carbonate, gray (SP)

12.5-13.0
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 15.2-15.7
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-110
Sample No.: 3
Description:

Tare Weight, (g):  50.10
186.69 (with tare)

Dry Weight After Washing (g): 167.17 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.39 99.71 100 0.39
#7 2.800 0.07 99.66 100 0.07
#10 2.000 0.31 99.44 30 0.09
#14 1.400 0.54 99.04 10 0.05
#18 1.000 0.68 98.54 20 0.14
#25 0.710 0.65 98.07 5 0.03
#35 0.500 0.90 97.41 3 0.03
#45 0.355 0.86 96.78 3 0.03
#60 0.250 1.11 95.97 1 0.01
#80 0.180 14.82 85.12 1 0.15
#120 0.125 65.38 37.25 1 0.65
#170 0.090 24.07 19.63 1 0.24
#230 0.063 6.45 14.91 1 0.06

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, trace carbonate, 
dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 
little clay, trace carbonate, dark greenish 

gray (SC)

15.2-15.7 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-110Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 16.4-16.9
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-110
Sample No.: 4
Description:

Tare Weight, (g):  50.21
146.52 (with tare)

Dry Weight After Washing (g): 108.93 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.70 98.23 100 1.70
#4 4.750 0.01 98.22 100 0.01
#7 2.800 0.03 98.19 100 0.03
#10 2.000 0.03 98.16 70 0.02
#14 1.400 0.03 98.13 40 0.01
#18 1.000 0.11 98.02 40 0.04
#25 0.710 0.16 97.85 15 0.02
#35 0.500 0.24 97.60 5 0.01
#45 0.355 0.28 97.31 1 0.00
#60 0.250 0.36 96.94 1 0.00
#80 0.180 2.75 94.08 1 0.03
#120 0.125 22.82 70.39 1 0.23
#170 0.090 21.92 47.63 1 0.22
#230 0.063 8.28 39.03 1 0.08

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
trace organic material, very dark gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, trace organic 

material, very dark gray (SC)

16.4-16.9 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-110Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 5.0-5.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-111
Sample No.: 1
Description:

Tare Weight, (g):  49.92
188.56 (with tare)

Dry Weight After Washing (g): 187.97 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 5.87 95.77 100 5.87
#4 4.750 5.67 91.68 80 4.54
#7 2.800 8.26 85.72 70 5.78
#10 2.000 8.16 79.83 50 4.08
#14 1.400 12.49 70.82 30 3.75
#18 1.000 12.62 61.72 30 3.79
#25 0.710 10.33 54.27 25 2.58
#35 0.500 11.56 45.93 15 1.73
#45 0.355 11.62 37.55 5 0.58
#60 0.250 15.41 26.44 3 0.46
#80 0.180 24.72 8.61 3 0.74
#120 0.125 10.15 1.28 1 0.10
#170 0.090 0.58 0.87 1 0.01
#230 0.063 0.11 0.79 1 0.00

Total Shell Content:  25 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, some 
carbonate, little fine gravel to medium sand-size fragmented limestone, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

25
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly medium to 
fine-grained quartz, some carbonate, little 

fine gravel to medium sand-size fragmented 
limestone, gray (SP)

5.0-5.5 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-111Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.0-7.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-112
Sample No.: 1
Description:

Tare Weight, (g):  50.41
210.59 (with tare)

Dry Weight After Washing (g): 209.28 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 18.18 88.65 100 18.18
3/8" 9.500 3.68 86.35 100 3.68
#4 4.750 1.12 85.65 100 1.12
#7 2.800 3.73 83.33 75 2.80
#10 2.000 3.42 81.19 60 2.05
#14 1.400 3.18 79.20 60 1.91
#18 1.000 3.09 77.28 50 1.55
#25 0.710 2.34 75.81 20 0.47
#35 0.500 2.88 74.02 10 0.29
#45 0.355 3.81 71.64 3 0.11
#60 0.250 10.35 65.18 1 0.10
#80 0.180 62.50 26.16 1 0.63
#120 0.125 37.13 2.98 1 0.37
#170 0.090 3.10 1.04 1 0.03
#230 0.063 0.25 0.89 1 0.00

Total Shell Content:  21 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, few 
fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

21
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, few fragmented 
limestone, gray (SP)

7.0-7.5 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-112Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 9.0-9.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-112
Sample No.: 2
Description:

Tare Weight, (g):  49.89
174.87 (with tare)

Dry Weight After Washing (g): 173.72 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.07 98.34 100 2.07
#4 4.750 2.01 96.74 100 2.01
#7 2.800 2.05 95.10 65 1.33
#10 2.000 1.07 94.24 70 0.75
#14 1.400 1.21 93.27 60 0.73
#18 1.000 1.39 92.16 40 0.56
#25 0.710 1.66 90.83 20 0.33
#35 0.500 3.21 88.26 10 0.32
#45 0.355 5.78 83.64 3 0.17
#60 0.250 15.87 70.94 1 0.16
#80 0.180 59.44 23.38 1 0.59
#120 0.125 25.61 2.89 1 0.26
#170 0.090 2.17 1.15 1 0.02
#230 0.063 0.20 0.99 1 0.00

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-112Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
9.0-9.5

Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 3.5-4.0
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-113c
Sample No.: 1
Description:

Tare Weight, (g):  49.74
173.69 (with tare)

Dry Weight After Washing (g): 172.55 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.54 99.56 100 0.54
#7 2.800 0.25 99.36 100 0.25
#10 2.000 0.48 98.98 85 0.41
#14 1.400 0.92 98.23 70 0.64
#18 1.000 1.74 96.83 65 1.13
#25 0.710 2.12 95.12 60 1.27
#35 0.500 3.52 92.28 25 0.88
#45 0.355 5.15 88.12 5 0.26
#60 0.250 9.10 80.78 3 0.27
#80 0.180 73.72 21.31 1 0.74
#120 0.125 24.25 1.74 1 0.24
#170 0.090 0.89 1.02 1 0.01
#230 0.063 0.07 0.97 1 0.00

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-113cBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, gray (SP)

3.5-4.0
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.7-7.2
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-113d
Sample No.: 1
Description:

Tare Weight, (g):  50.68
169.06 (with tare)

Dry Weight After Washing (g): 168.42 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.18 99.00 70 0.83
#7 2.800 1.14 98.04 70 0.80
#10 2.000 1.23 97.00 55 0.68
#14 1.400 1.96 95.35 45 0.88
#18 1.000 3.06 92.76 40 1.22
#25 0.710 3.76 89.58 30 1.13
#35 0.500 7.53 83.22 20 1.51
#45 0.355 14.12 71.30 5 0.71
#60 0.250 28.69 47.06 3 0.86
#80 0.180 43.57 10.26 1 0.44
#120 0.125 9.71 2.05 1 0.10
#170 0.090 0.63 1.52 1 0.01
#230 0.063 0.03 1.50 1 0.00

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-113dBoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
6.7-7.2

Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 9.0-9.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-113d
Sample No.: 2
Description:

Tare Weight, (g):  50.10
173.01 (with tare)

Dry Weight After Washing (g): 172.23 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.72 98.60 100 1.72
#4 4.750 1.16 97.66 70 0.81
#7 2.800 4.17 94.26 70 2.92
#10 2.000 4.01 91.00 65 2.61
#14 1.400 6.76 85.50 40 2.70
#18 1.000 9.94 77.41 30 2.98
#25 0.710 11.61 67.97 15 1.74
#35 0.500 18.92 52.58 10 1.89
#45 0.355 18.67 37.39 5 0.93
#60 0.250 20.43 20.76 3 0.61
#80 0.180 19.20 5.14 1 0.19
#120 0.125 4.37 1.59 1 0.04
#170 0.090 0.09 1.51 1 0.00
#230 0.063 0.01 1.51 1 0.00

Total Shell Content:  16 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little 
carbonate, few fragmented limestone, dark gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

16 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-113dBoring No.

Classification
SAND, poorly-graded, mostly medium to 
fine-grained quartz, little carbonate, few 
fragmented limestone, dark gray (SP)

9.0-9.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 36.2-36.7
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-114
Sample No.: 1
Description:

Tare Weight, (g):  49.68
144.6 (with tare)

Dry Weight After Washing (g): 134.58 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 2.76 97.09 70 1.93
#7 2.800 4.09 92.78 80 3.27
#10 2.000 3.62 88.97 60 2.17
#14 1.400 3.85 84.91 40 1.54
#18 1.000 3.79 80.92 20 0.76
#25 0.710 2.86 77.91 10 0.29
#35 0.500 3.31 74.42 3 0.10
#45 0.355 2.51 71.78 1 0.03
#60 0.250 3.34 68.26 1 0.03
#80 0.180 11.38 56.27 1 0.11
#120 0.125 29.96 24.71 1 0.30
#170 0.090 10.19 13.97 1 0.10
#230 0.063 3.17 10.63 1 0.03

Total Shell Content:  11 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with clay, mostly fine-grained quartz, few clay, 
few carbonate, few fragmented limestone, gray (SP-SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

11
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with clay, mostly fine-
grained quartz, few clay, few carbonate, few 

fragmented limestone, gray (SP-SC)

36.2-36.7 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-114Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 39.0-39.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-114
Sample No.: 2
Description:

Tare Weight, (g):  49.76
167.07 (with tare)

Dry Weight After Washing (g): 157.77 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.71 97.69 100 2.71
#4 4.750 11.12 88.21 100 11.12
#7 2.800 6.75 82.46 90 6.08
#10 2.000 5.30 77.94 70 3.71
#14 1.400 6.79 72.15 65 4.41
#18 1.000 6.75 66.40 50 3.38
#25 0.710 4.53 62.54 20 0.91
#35 0.500 4.87 58.38 15 0.73
#45 0.355 3.86 55.09 5 0.19
#60 0.250 4.31 51.42 3 0.13
#80 0.180 12.04 41.16 1 0.12
#120 0.125 25.51 19.41 1 0.26
#170 0.090 9.85 11.01 1 0.10
#230 0.063 3.37 8.14 1 0.03

Total Shell Content:  29 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with clay, mostly fine-grained quartz, some 
carbonate, few clay, few fragmented limestone, dark gray (SP-SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

29
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with clay, mostly fine-
grained quartz, some carbonate, few clay, 
few fragmented limestone, dark gray (SP-

SC)

39.0-39.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-114Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.0-42.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-114
Sample No.: 3
Description:

Tare Weight, (g):  50.49
167.77 (with tare)

Dry Weight After Washing (g): 154.06 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.17 99.86 100 0.17
#7 2.800 1.04 98.97 100 1.04
#10 2.000 1.04 98.08 100 1.04
#14 1.400 1.04 97.19 85 0.88
#18 1.000 0.85 96.47 75 0.64
#25 0.710 0.66 95.91 50 0.33
#35 0.500 0.86 95.17 25 0.22
#45 0.355 1.04 94.29 10 0.10
#60 0.250 1.47 93.03 3 0.04
#80 0.180 30.27 67.22 1 0.30
#120 0.125 51.70 23.14 1 0.52
#170 0.090 9.69 14.88 1 0.10
#230 0.063 3.45 11.94 1 0.03

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, , few silt, few 
carbonate, trace fragmented limestone, dark gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, , few silt, few carbonate, 

trace fragmented limestone, dark gray (SP-
SM)

42.0-42.5 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-114Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.0-45.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-114
Sample No.: 4
Description:

Tare Weight, (g):  49.95
182.03 (with tare)

Dry Weight After Washing (g): 167.01 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.35 99.74 80 0.28
#10 2.000 0.48 99.37 60 0.29
#14 1.400 0.58 98.93 30 0.17
#18 1.000 0.81 98.32 10 0.08
#25 0.710 1.19 97.42 3 0.04
#35 0.500 2.74 95.34 1 0.03
#45 0.355 4.41 92.00 1 0.04
#60 0.250 4.83 88.35 1 0.05
#80 0.180 15.58 76.55 1 0.16
#120 0.125 68.28 24.86 1 0.68
#170 0.090 13.04 14.98 1 0.13
#230 0.063 3.69 12.19 1 0.04

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few 
fragmented limestone, few silt, trace carbonate, greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few fragmented limestone, 

few silt, trace carbonate, greenish gray (SP-
SM)

45.0-45.5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-114Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.0-48.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-114
Sample No.: 5
Description:

Tare Weight, (g):  50.14
220.48 (with tare)

Dry Weight After Washing (g): 206.4 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 9.97 94.15 0 0.00
#4 4.750 0.39 93.92 0 0.00
#7 2.800 0.52 93.61 20 0.10
#10 2.000 0.60 93.26 60 0.36
#14 1.400 0.89 92.74 40 0.36
#18 1.000 1.29 91.98 15 0.19
#25 0.710 2.02 90.79 3 0.06
#35 0.500 2.75 89.18 3 0.08
#45 0.355 2.82 87.52 1 0.03
#60 0.250 2.85 85.85 1 0.03
#80 0.180 12.38 78.58 1 0.12
#120 0.125 88.29 26.75 1 0.88
#170 0.090 23.64 12.87 1 0.24
#230 0.063 6.83 8.86 1 0.07

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few 
fragmented limestone, few silt, trace carbonate, olive (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few fragmented limestone, 

few silt, trace carbonate, olive (SP-SM)

48.0-48.5 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-114Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.0-50.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-114
Sample No.: 6
Description:

Tare Weight, (g):  50.07
175.93 (with tare)

Dry Weight After Washing (g): 163.91 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.24 99.81 0 0.00
#7 2.800 0.79 99.18 10 0.08
#10 2.000 0.82 98.53 30 0.25
#14 1.400 0.81 97.89 20 0.16
#18 1.000 1.01 97.08 20 0.20
#25 0.710 0.97 96.31 10 0.10
#35 0.500 1.80 94.88 5 0.09
#45 0.355 2.18 93.15 3 0.07
#60 0.250 2.12 91.47 1 0.02
#80 0.180 17.28 77.74 1 0.17
#120 0.125 58.60 31.18 1 0.59
#170 0.090 21.12 14.40 1 0.21
#230 0.063 5.43 10.08 1 0.05

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
fragmented limestone, trace carbonate, olive (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-114Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few fragmented 
limestone, trace carbonate, olive (SP-SM)

50.0-50.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 36.5-37.0
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-115
Sample No.: 1
Description:

Tare Weight, (g):  50.19
188.41 (with tare)

Dry Weight After Washing (g): 184.57 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.89 98.63 100 1.89
#7 2.800 2.26 97.00 90 2.03
#10 2.000 2.49 95.20 85 2.12
#14 1.400 2.90 93.10 65 1.89
#18 1.000 3.16 90.81 40 1.26
#25 0.710 2.89 88.72 30 0.87
#35 0.500 4.06 85.78 10 0.41
#45 0.355 5.68 81.67 5 0.28
#60 0.250 9.19 75.03 3 0.28
#80 0.180 31.02 52.58 1 0.31
#120 0.125 52.67 14.48 1 0.53
#170 0.090 13.16 4.96 1 0.13
#230 0.063 2.53 3.13 1 0.03

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, few 
fragmented limestone, bluish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, few fragmented 
limestone, bluish gray (SP)

36.5-37.0 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-115Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 38.5-39.0
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-115
Sample No.: 2
Description:

Tare Weight, (g):  49.50
180.02 (with tare)

Dry Weight After Washing (g): 166.29 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 5.80 95.56 65 3.77
#7 2.800 6.88 90.29 70 4.82
#10 2.000 5.78 85.86 80 4.62
#14 1.400 8.35 79.46 60 5.01
#18 1.000 7.61 73.63 40 3.04
#25 0.710 4.51 70.17 20 0.90
#35 0.500 4.97 66.37 10 0.50
#45 0.355 4.47 62.94 5 0.22
#60 0.250 5.17 58.98 3 0.16
#80 0.180 17.41 45.64 1 0.17
#120 0.125 31.83 21.25 1 0.32
#170 0.090 10.21 13.43 1 0.10
#230 0.063 3.32 10.89 1 0.03

Total Shell Content:  18 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with clay, mostly fine-grained quartz, some fine 
gravel to medium sand-size fragmented limestone, little carbonate, few 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

18 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-115Boring No.

Classification
SAND, poorly-graded with clay, mostly fine-
grained quartz, some fine gravel to medium 

sand-size fragmented limestone, little 
carbonate, few silt, dark greenish gray (SP-

SC)

38.5-39.0
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 40.0-40.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-115
Sample No.: 3
Description:

Tare Weight, (g):  50.30
151.07 (with tare)

Dry Weight After Washing (g): 142.97 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.16 99.84 50 0.08
#10 2.000 0.36 99.48 30 0.11
#14 1.400 0.47 99.02 30 0.14
#18 1.000 0.38 98.64 40 0.15
#25 0.710 0.37 98.27 25 0.09
#35 0.500 0.60 97.68 15 0.09
#45 0.355 1.16 96.53 3 0.03
#60 0.250 2.16 94.38 1 0.02
#80 0.180 12.20 82.28 1 0.12
#120 0.125 58.58 24.14 1 0.59
#170 0.090 12.66 11.58 1 0.13
#230 0.063 3.28 8.33 1 0.03

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace fragmented limestone, trace carbonate, olive (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-115Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace fragmented 
limestone, trace carbonate, olive (SP-SM)

40.0-40.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.0-42.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-115
Sample No.: 4
Description:

Tare Weight, (g):  50.08
201.44 (with tare)

Dry Weight After Washing (g): 180.08 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.47 99.69 0 0.00
#7 2.800 1.29 98.84 5 0.06
#10 2.000 1.18 98.06 3 0.04
#14 1.400 1.38 97.15 1 0.01
#18 1.000 1.35 96.25 1 0.01
#25 0.710 1.04 95.57 1 0.01
#35 0.500 1.28 94.72 1 0.01
#45 0.355 1.18 93.94 1 0.01
#60 0.250 1.54 92.92 1 0.02
#80 0.180 35.81 69.27 1 0.36
#120 0.125 66.59 25.27 1 0.67
#170 0.090 11.82 17.46 1 0.12
#230 0.063 4.56 14.45 1 0.05

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, few fragmented 
limestone, trace carbonate, greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-115Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, few fragmented limestone, trace 
carbonate, greenish gray (SM)

42.0-42.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 35.7-36.2
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-116
Sample No.: 1
Description:

Tare Weight, (g):  49.81
206.57 (with tare)

Dry Weight After Washing (g): 201.89 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.99 98.09 65 1.94
#4 4.750 9.69 91.91 90 8.72
#7 2.800 12.92 83.67 80 10.34
#10 2.000 10.77 76.80 65 7.00
#14 1.400 14.45 67.58 40 5.78
#18 1.000 13.92 58.70 40 5.57
#25 0.710 10.50 52.00 35 3.68
#35 0.500 14.11 43.00 10 1.41
#45 0.355 9.32 37.06 3 0.28
#60 0.250 6.30 33.04 3 0.19
#80 0.180 13.05 24.71 1 0.13
#120 0.125 24.27 9.23 1 0.24
#170 0.090 7.43 4.49 1 0.07
#230 0.063 1.60 3.47 1 0.02

Total Shell Content:  29 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, some 
carbonate, little fine gravel to medium sand-size fragmented limestone, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

29 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-116Boring No.

Classification
SAND, poorly-graded, mostly medium to 
fine-grained quartz, some carbonate, little 

fine gravel to medium sand-size fragmented 
limestone, bluish gray (SP)

35.7-36.2
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 37.0-37.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-116
Sample No.: 2
Description:

Tare Weight, (g):  50.39
184.84 (with tare)

Dry Weight After Washing (g): 176.69 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 4.78 96.44 25 1.20
#4 4.750 9.35 89.49 70 6.55
#7 2.800 6.82 84.42 85 5.80
#10 2.000 6.11 79.87 75 4.58
#14 1.400 9.15 73.07 65 5.95
#18 1.000 10.58 65.20 50 5.29
#25 0.710 8.39 58.96 40 3.36
#35 0.500 9.07 52.21 30 2.72
#45 0.355 6.82 47.14 15 1.02
#60 0.250 6.60 42.23 3 0.20
#80 0.180 14.21 31.66 1 0.14
#120 0.125 23.49 14.19 1 0.23
#170 0.090 8.42 7.93 1 0.08
#230 0.063 2.53 6.05 1 0.03

Total Shell Content:  28 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, some 
carbonate, little fine gravel to medium sand-size fragmented limestone, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

28 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-116Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, some carbonate, little fine 
gravel to medium sand-size fragmented 
limestone, few silt, bluish gray (SP-SM)

37.0-37.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 38.0-38.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-116
Sample No.: 3
Description:

Tare Weight, (g):  49.84
166.32 (with tare)

Dry Weight After Washing (g): 158.63 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.15 99.87 85 0.13
#10 2.000 0.40 99.53 70 0.28
#14 1.400 0.37 99.21 45 0.17
#18 1.000 0.48 98.80 35 0.17
#25 0.710 0.56 98.32 30 0.17
#35 0.500 0.95 97.50 10 0.10
#45 0.355 1.29 96.39 3 0.04
#60 0.250 1.88 94.78 1 0.02
#80 0.180 13.94 82.81 1 0.14
#120 0.125 68.46 24.04 1 0.68
#170 0.090 14.51 11.58 1 0.15
#230 0.063 3.64 8.46 1 0.04

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, olive (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-116Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, olive (SP-SM)

38.0-38.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 40.0-40.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-116
Sample No.: 4
Description:

Tare Weight, (g):  49.94
185.22 (with tare)

Dry Weight After Washing (g): 173.98 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.12 99.91 100 0.12
#7 2.800 0.68 99.41 100 0.68
#10 2.000 0.75 98.85 100 0.75
#14 1.400 0.70 98.34 95 0.67
#18 1.000 0.73 97.80 90 0.66
#25 0.710 0.49 97.43 60 0.29
#35 0.500 0.60 96.99 30 0.18
#45 0.355 0.72 96.46 15 0.11
#60 0.250 1.01 95.71 5 0.05
#80 0.180 38.99 66.89 3 1.17
#120 0.125 64.21 19.43 1 0.64
#170 0.090 10.49 11.67 1 0.10
#230 0.063 3.71 8.93 1 0.04

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, olive (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-116Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, olive (SP-SM)

40.0-40.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 40.3-40.8
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-117
Sample No.: 1
Description:

Tare Weight, (g):  50.09
172.67 (with tare)

Dry Weight After Washing (g): 168.65 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.04 99.97 100 0.04
#7 2.800 1.09 99.08 100 1.09
#10 2.000 1.19 98.11 100 1.19
#14 1.400 1.53 96.86 95 1.45
#18 1.000 1.89 95.32 95 1.80
#25 0.710 1.94 93.73 65 1.26
#35 0.500 3.44 90.93 45 1.55
#45 0.355 4.72 87.08 15 0.71
#60 0.250 6.71 81.60 3 0.20
#80 0.180 30.00 57.13 1 0.30
#120 0.125 53.89 13.17 1 0.54
#170 0.090 9.90 5.09 1 0.10
#230 0.063 0.00 5.09 1 0.00

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few 
carbonate, few silt, trace fragmented limestone, very dark gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-117Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few carbonate, few silt, trace 
fragmented limestone, very dark gray (SP-

SM)

40.3-40.8
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 41.9-42.4
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-117
Sample No.: 2
Description:

Tare Weight, (g):  49.94
192.75 (with tare)

Dry Weight After Washing (g): 183.13 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 9.17 93.58 100 9.17
#4 4.750 6.75 88.85 90 6.08
#7 2.800 6.47 84.32 90 5.82
#10 2.000 4.74 81.00 75 3.56
#14 1.400 5.36 77.25 60 3.22
#18 1.000 6.15 72.94 60 3.69
#25 0.710 5.15 69.34 45 2.32
#35 0.500 6.47 64.81 25 1.62
#45 0.355 5.46 60.98 10 0.55
#60 0.250 5.94 56.82 3 0.18
#80 0.180 18.97 43.54 1 0.19
#120 0.125 40.42 15.24 1 0.40
#170 0.090 9.68 8.46 1 0.10
#230 0.063 2.06 7.02 1 0.02

Total Shell Content:  26 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, some 
carbonate, few silt, few fragmented limestone, dark greenish gray (SP-

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

26 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-117Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, some carbonate, few silt, 
few fragmented limestone, dark greenish 

gray (SP-SM)

41.9-42.4
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.1-43.6
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-117
Sample No.: 3
Description:

Tare Weight, (g):  50.04
165.8 (with tare)

Dry Weight After Washing (g): 155.1 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.26 99.78 100 0.26
#7 2.800 0.44 99.40 90 0.40
#10 2.000 0.51 98.95 90 0.46
#14 1.400 0.78 98.28 75 0.59
#18 1.000 1.22 97.23 45 0.55
#25 0.710 1.78 95.69 40 0.71
#35 0.500 2.33 93.68 25 0.58
#45 0.355 2.30 91.69 10 0.23
#60 0.250 3.32 88.82 5 0.17
#80 0.180 10.93 79.38 3 0.33
#120 0.125 59.76 27.76 1 0.60
#170 0.090 16.34 13.64 1 0.16
#230 0.063 4.56 9.70 1 0.05

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-117Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, gray (SP-SM)

43.1-43.6
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.1-42.6
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-119
Sample No.: 1
Description:

Tare Weight, (g):  50.57
146.06 (with tare)

Dry Weight After Washing (g): 136.92 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.56 99.41 40 0.22
#10 2.000 0.46 98.93 60 0.28
#14 1.400 0.52 98.39 40 0.21
#18 1.000 0.74 97.61 20 0.15
#25 0.710 0.82 96.75 30 0.25
#35 0.500 1.73 94.94 15 0.26
#45 0.355 3.12 91.67 10 0.31
#60 0.250 3.52 87.99 5 0.18
#80 0.180 12.03 75.39 3 0.36
#120 0.125 49.85 23.19 1 0.50
#170 0.090 9.85 12.87 1 0.10
#230 0.063 2.41 10.35 1 0.02

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
fragmented limestone, trace carbonate, gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-119Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few fragmented 
limestone, trace carbonate, gray (SP-SM)

42.1-42.6
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.0-44.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-119
Sample No.: 2
Description:

Tare Weight, (g):  50.09
180.84 (with tare)

Dry Weight After Washing (g): 165.66 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.21 99.84 100 0.21
#7 2.800 1.12 98.98 90 1.01
#10 2.000 1.01 98.21 85 0.86
#14 1.400 0.80 97.60 80 0.64
#18 1.000 0.89 96.92 75 0.67
#25 0.710 1.19 96.01 40 0.48
#35 0.500 1.75 94.67 30 0.53
#45 0.355 2.83 92.50 10 0.28
#60 0.250 3.60 89.75 3 0.11
#80 0.180 9.76 82.29 1 0.10
#120 0.125 72.86 26.56 1 0.73
#170 0.090 14.58 15.41 1 0.15
#230 0.063 4.29 12.13 1 0.04

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
fragmented limestone, trace carbonate, olive (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-119Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few fragmented 
limestone, trace carbonate, olive (SP-SM)

44.0-44.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 39.5-40.0
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-120
Sample No.: 1
Description:

Tare Weight, (g):  49.90
221.87 (with tare)

Dry Weight After Washing (g): 203.31 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 15.29 91.11 100 15.29
3/8" 9.500 12.31 83.95 100 12.31
#4 4.750 9.38 78.50 75 7.04
#7 2.800 11.32 71.91 70 7.92
#10 2.000 6.54 68.11 55 3.60
#14 1.400 6.00 64.62 45 2.70
#18 1.000 6.10 61.07 30 1.83
#25 0.710 4.24 58.61 25 1.06
#35 0.500 4.92 55.75 15 0.74
#45 0.355 5.12 52.77 5 0.26
#60 0.250 6.39 49.06 3 0.19
#80 0.180 20.36 37.22 1 0.20
#120 0.125 32.08 18.56 1 0.32
#170 0.090 9.08 13.28 1 0.09
#230 0.063 3.06 11.50 1 0.03

Total Shell Content:  31 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, some 
carbonate, few silt, few fragmented limestone, greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

31 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-120Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, some carbonate, few silt, 
few fragmented limestone, greenish gray 

(SP-SM)

39.5-40.0
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 41.0-41.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-120
Sample No.: 2
Description:

Tare Weight, (g):  48.46
170.68 (with tare)

Dry Weight After Washing (g): 154.42 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 4.83 96.05 20 0.97
#7 2.800 2.95 93.63 30 0.89
#10 2.000 2.04 91.97 50 1.02
#14 1.400 2.62 89.82 40 1.05
#18 1.000 2.36 87.89 30 0.71
#25 0.710 1.77 86.44 30 0.53
#35 0.500 1.77 84.99 15 0.27
#45 0.355 1.46 83.80 5 0.07
#60 0.250 1.93 82.22 3 0.06
#80 0.180 19.31 66.42 1 0.19
#120 0.125 51.97 23.90 1 0.52
#170 0.090 9.25 16.33 1 0.09
#230 0.063 2.70 14.12 1 0.03

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, few fragmented 
limestone, few carbonate, olive (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-120Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, few fragmented limestone, few 
carbonate, olive (SM)

41.0-41.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 33.3-33.8
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-121
Sample No.: 1
Description:

Tare Weight, (g):  50.14
202.03 (with tare)

Dry Weight After Washing (g): 190.41 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.23 99.85 100 0.23
#7 2.800 1.19 99.07 90 1.07
#10 2.000 1.85 97.85 85 1.57
#14 1.400 2.46 96.23 65 1.60
#18 1.000 3.94 93.63 45 1.77
#25 0.710 4.03 90.98 40 1.61
#35 0.500 7.46 86.07 40 2.98
#45 0.355 10.72 79.01 25 2.68
#60 0.250 10.85 71.87 10 1.09
#80 0.180 22.94 56.76 3 0.69
#120 0.125 54.24 21.05 1 0.54
#170 0.090 15.40 10.92 1 0.15
#230 0.063 4.10 8.22 1 0.04

Total Shell Content:  11 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, dark bluish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

11 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-121Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, dark 
bluish gray (SP-SM)

33.3-33.8
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 35.0-35.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-121
Sample No.: 2
Description:

Tare Weight, (g):  49.41
192.95 (with tare)

Dry Weight After Washing (g): 182.98 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 9.48 93.40 100 9.48
#7 2.800 7.00 88.52 100 7.00
#10 2.000 5.04 85.01 95 4.79
#14 1.400 6.06 80.79 95 5.76
#18 1.000 7.06 75.87 95 6.71
#25 0.710 5.02 72.37 90 4.52
#35 0.500 5.68 68.41 50 2.84
#45 0.355 5.03 64.91 20 1.01
#60 0.250 5.94 60.77 10 0.59
#80 0.180 18.05 48.20 5 0.90
#120 0.125 38.08 21.67 3 1.14
#170 0.090 17.29 9.62 1 0.17
#230 0.063 4.12 6.75 1 0.04

Total Shell Content:  31 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with clay, mostly fine-grained quartz, some 
carbonate, few clay, trace fragmented limestone, dark greenish gray 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

31 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-121Boring No.

Classification
SAND, poorly-graded with clay, mostly fine-
grained quartz, some carbonate, few clay, 
trace fragmented limestone, dark greenish 

gray (SP-SC)

35.0-35.5
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 36.2-36.7
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-121
Sample No.: 3
Description:

Tare Weight, (g):  49.97
166.63 (with tare)

Dry Weight After Washing (g): 108.29 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.14 99.88 100 0.14
#10 2.000 0.28 99.64 50 0.14
#14 1.400 0.36 99.33 50 0.18
#18 1.000 0.52 98.89 30 0.16
#25 0.710 0.49 98.47 20 0.10
#35 0.500 0.73 97.84 10 0.07
#45 0.355 0.86 97.10 5 0.04
#60 0.250 1.58 95.75 1 0.02
#80 0.180 8.38 88.57 1 0.08
#120 0.125 16.32 74.58 1 0.16
#170 0.090 11.27 64.92 1 0.11
#230 0.063 16.57 50.71 1 0.17

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, trace carbonate, 
trace fragmented limestone, very dark gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-121Boring No.

Classification
CLAY, inorganic-H, some fine-grained 

quartz sand, trace carbonate, trace 
fragmented limestone, very dark gray (CH)

36.2-36.7
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 37.7-38.2
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-121
Sample No.: 4
Description:

Tare Weight, (g):  50.20
186.83 (with tare)

Dry Weight After Washing (g): 158.5 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.14 99.90 20 0.03
#14 1.400 0.13 99.80 40 0.05
#18 1.000 0.19 99.66 40 0.08
#25 0.710 0.26 99.47 30 0.08
#35 0.500 0.41 99.17 30 0.12
#45 0.355 0.82 98.57 20 0.16
#60 0.250 3.69 95.87 10 0.37
#80 0.180 39.93 66.65 2 0.80
#120 0.125 35.65 40.55 1 0.36
#170 0.090 14.47 29.96 1 0.14
#230 0.063 10.80 22.06 1 0.11

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, trace carbonate, 
dark gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-121Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
little clay, trace carbonate, dark gray (SC)

37.7-38.2
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 38.8-39.3
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-122
Sample No.: 1
Description:

Tare Weight, (g):  49.79
186.57 (with tare)

Dry Weight After Washing (g): 180.85 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 4.19 96.94 100 4.19
#7 2.800 3.27 94.55 100 3.27
#10 2.000 2.03 93.06 100 2.03
#14 1.400 2.40 91.31 100 2.40
#18 1.000 1.95 89.88 90 1.76
#25 0.710 1.89 88.50 80 1.51
#35 0.500 2.56 86.63 50 1.28
#45 0.355 5.27 82.78 20 1.05
#60 0.250 12.29 73.79 5 0.61
#80 0.180 37.16 46.62 2 0.74
#120 0.125 46.71 12.47 1 0.47
#170 0.090 9.99 5.17 1 0.10
#230 0.063 1.79 3.86 1 0.02

Total Shell Content:  14 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

14
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, little carbonate, gray (SP)
38.8-39.3 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-122Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 40.1-40.6
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-122
Sample No.: 2
Description:

Tare Weight, (g):  49.84
145.3 (with tare)

Dry Weight After Washing (g): 94.63 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.09 99.91 100 0.09
#7 2.800 0.25 99.64 100 0.25
#10 2.000 0.32 99.31 80 0.26
#14 1.400 0.45 98.84 40 0.18
#18 1.000 0.54 98.27 30 0.16
#25 0.710 0.60 97.64 20 0.12
#35 0.500 0.72 96.89 10 0.07
#45 0.355 0.99 95.85 5 0.05
#60 0.250 1.81 93.96 3 0.05
#80 0.180 4.17 89.59 1 0.04
#120 0.125 8.41 80.78 1 0.08
#170 0.090 10.96 69.30 1 0.11
#230 0.063 13.76 54.88 1 0.14

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, trace carbonate, 
trace fragmented limestone, very dark gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-122Boring No.

Classification
CLAY, inorganic-H, some fine-grained 

quartz sand, trace carbonate, trace 
fragmented limestone, very dark gray (CH)

40.1-40.6
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.0-42.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-122
Sample No.: 3
Description:

Tare Weight, (g):  50.34
128.17 (with tare)

Dry Weight After Washing (g): 79.23 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.11 99.86 0 0.00
#14 1.400 0.28 99.50 10 0.03
#18 1.000 0.59 98.74 5 0.03
#25 0.710 0.83 97.67 5 0.04
#35 0.500 1.07 96.30 2 0.02
#45 0.355 1.07 94.92 2 0.02
#60 0.250 1.07 93.55 1 0.01
#80 0.180 1.26 91.93 1 0.01
#120 0.125 3.87 86.96 1 0.04
#170 0.090 6.31 78.85 1 0.06
#230 0.063 10.42 65.46 1 0.10

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, very dark gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
CLAY, inorganic-H, some fine-grained 

quartz sand, very dark gray (CH)
42.0-42.5 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-122Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.0-45.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-122
Sample No.: 4
Description:

Tare Weight, (g):  50.12
178.77 (with tare)

Dry Weight After Washing (g): 161.23 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.82 97.81 100 2.82
#4 4.750 3.97 94.72 100 3.97
#7 2.800 2.86 92.50 100 2.86
#10 2.000 2.07 90.89 90 1.86
#14 1.400 2.05 89.30 90 1.85
#18 1.000 1.62 88.04 80 1.30
#25 0.710 1.55 86.83 70 1.09
#35 0.500 1.79 85.44 50 0.90
#45 0.355 2.55 83.46 20 0.51
#60 0.250 4.87 79.67 10 0.49
#80 0.180 47.78 42.53 3 1.43
#120 0.125 26.72 21.76 1 0.27
#170 0.090 5.47 17.51 1 0.05
#230 0.063 3.60 14.71 1 0.04

Total Shell Content:  15 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, little carbonate, 
very dark gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

15
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 
little clay, little carbonate, very dark gray 

(SC)

45.0-45.5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-122Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 33.5-34.0
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-123
Sample No.: 1
Description:

Tare Weight, (g):  50.30
166.02 (with tare)

Dry Weight After Washing (g): 164.78 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.13 99.89 100 0.13
#4 4.750 1.81 98.32 100 1.81
#7 2.800 3.03 95.71 100 3.03
#10 2.000 2.65 93.42 100 2.65
#14 1.400 3.52 90.37 100 3.52
#18 1.000 3.72 87.16 100 3.72
#25 0.710 3.66 84.00 90 3.29
#35 0.500 4.33 80.25 70 3.03
#45 0.355 11.08 70.68 40 4.43
#60 0.250 20.47 52.99 10 2.05
#80 0.180 28.35 28.49 3 0.85
#120 0.125 23.29 8.37 1 0.23
#170 0.090 6.55 2.70 1 0.07
#230 0.063 0.99 1.85 1 0.01

Total Shell Content:  25 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, some carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

25 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-123Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, some carbonate, trace fragmented 

limestone, gray (SP)

33.5-34.0
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 35.0-35.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-123
Sample No.: 2
Description:

Tare Weight, (g):  49.71
172.87 (with tare)

Dry Weight After Washing (g): 154.53 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.61 99.50 80 0.49
#7 2.800 0.34 99.23 90 0.31
#10 2.000 0.61 98.73 90 0.55
#14 1.400 0.65 98.21 70 0.46
#18 1.000 0.76 97.59 70 0.53
#25 0.710 0.58 97.12 70 0.41
#35 0.500 0.56 96.66 60 0.34
#45 0.355 0.80 96.01 50 0.40
#60 0.250 1.46 94.83 20 0.29
#80 0.180 28.07 72.04 3 0.84
#120 0.125 56.99 25.76 1 0.57
#170 0.090 8.39 18.95 1 0.08
#230 0.063 3.53 16.08 1 0.04

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little clay, trace carbonate, 
trace fragmented limestone, trace organic matter, gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

clay, trace carbonate, trace fragmented 
limestone, trace organic matter, gray (SM)

35.0-35.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-123Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 37.0-37.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-123
Sample No.: 3
Description:

Tare Weight, (g):  49.89
185.32 (with tare)

Dry Weight After Washing (g): 167.35 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.38 99.72 0 0.00
#10 2.000 0.52 99.34 0 0.00
#14 1.400 0.44 99.01 0 0.00
#18 1.000 0.34 98.76 5 0.02
#25 0.710 0.27 98.56 5 0.01
#35 0.500 0.31 98.33 5 0.02
#45 0.355 0.38 98.05 5 0.02
#60 0.250 0.81 97.45 1 0.01
#80 0.180 18.06 84.12 1 0.18
#120 0.125 82.36 23.30 1 0.82
#170 0.090 9.72 16.13 1 0.10
#230 0.063 3.09 13.84 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, olive (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, olive (SM)

37.0-37.5 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-123Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 38.5-39.0
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-124
Sample No.: 1
Description:

Tare Weight, (g):  49.91
178.8 (with tare)

Dry Weight After Washing (g): 167.7 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.63 99.51 100 0.63
#4 4.750 2.14 97.85 100 2.14
#7 2.800 6.38 92.90 100 6.38
#10 2.000 4.61 89.32 95 4.38
#14 1.400 4.87 85.55 90 4.38
#18 1.000 3.09 83.15 80 2.47
#25 0.710 2.30 81.36 70 1.61
#35 0.500 2.61 79.34 70 1.83
#45 0.355 4.41 75.92 30 1.32
#60 0.250 9.11 68.85 20 1.82
#80 0.180 33.83 42.60 3 1.01
#120 0.125 34.75 15.64 1 0.35
#170 0.090 7.14 10.10 1 0.07
#230 0.063 1.40 9.02 1 0.01

Total Shell Content:  22 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, little 
carbonate, few silt, trace fragmented limestone, dark gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

22
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-

grained quartz, little carbonate, few silt, 
trace fragmented limestone, dark gray (SP-

SM)

38.5-39.0 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-124Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 40.5-41.0
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-124
Sample No.: 2
Description:

Tare Weight, (g):  50.21
172.44 (with tare)

Dry Weight After Washing (g): 151.02 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.27 98.96 100 1.27
#7 2.800 2.41 96.99 90 2.17
#10 2.000 1.53 95.74 90 1.38
#14 1.400 2.20 93.94 90 1.98
#18 1.000 2.33 92.03 80 1.86
#25 0.710 2.41 90.06 70 1.69
#35 0.500 2.30 88.18 40 0.92
#45 0.355 2.89 85.81 20 0.58
#60 0.250 5.14 81.61 10 0.51
#80 0.180 29.61 57.38 2 0.59
#120 0.125 37.39 26.79 1 0.37
#170 0.090 8.13 20.14 1 0.08
#230 0.063 2.40 18.18 1 0.02

Total Shell Content:  11 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, few carbonate, 
trace fragmented limestone, dark gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

11
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 
little clay, few carbonate, trace fragmented 

limestone, dark gray (SC)

40.5-41.0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-124Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.5-43.0
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-124
Sample No.: 3
Description:

Tare Weight, (g):  49.91
161.71 (with tare)

Dry Weight After Washing (g): 155.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.10 99.90 100 0.10
#14 1.400 0.10 99.81 100 0.10
#18 1.000 0.12 99.70 90 0.11
#25 0.710 0.09 99.62 90 0.08
#35 0.500 0.21 99.44 80 0.17
#45 0.355 0.29 99.18 70 0.20
#60 0.250 0.67 98.58 40 0.27
#80 0.180 21.55 79.30 5 1.08
#120 0.125 63.78 22.25 1 0.64
#170 0.090 15.66 8.25 1 0.16
#230 0.063 2.98 5.58 1 0.03

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, dark gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

dark gray (SP-SM)

42.5-43.0 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-124Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.0-45.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-124
Sample No.: 4
Description:

Tare Weight, (g):  50.52
201.91 (with tare)

Dry Weight After Washing (g): 183.48 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.04 99.97 0 0.00
#14 1.400 0.08 99.92 20 0.02
#18 1.000 0.08 99.87 20 0.02
#25 0.710 0.07 99.82 30 0.02
#35 0.500 0.08 99.77 20 0.02
#45 0.355 0.19 99.64 20 0.04
#60 0.250 0.41 99.37 5 0.02
#80 0.180 38.08 74.22 1 0.38
#120 0.125 75.08 24.63 1 0.75
#170 0.090 14.04 15.35 1 0.14
#230 0.063 3.95 12.74 1 0.04

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace organic matter, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 
trace organic matter, dark greenish gray 

(SP-SM)

45.0-45.5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-124Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.0-48.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-124
Sample No.: 5
Description:

Tare Weight, (g):  50.24
200 (with tare)

Dry Weight After Washing (g): 179.94 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.03 99.98 0 0.00
#14 1.400 0.02 99.97 50 0.01
#18 1.000 0.04 99.94 10 0.00
#25 0.710 0.05 99.91 10 0.01
#35 0.500 0.06 99.87 10 0.01
#45 0.355 0.13 99.78 5 0.01
#60 0.250 0.40 99.51 1 0.00
#80 0.180 71.82 51.56 1 0.72
#120 0.125 44.48 21.85 1 0.44
#170 0.090 8.76 16.01 1 0.09
#230 0.063 3.20 13.87 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, trace organic matter, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, trace organic matter, dark 

greenish gray (SM)

48.0-48.5 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-124Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.0-51.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-124
Sample No.: 6
Description:

Tare Weight, (g):  49.63
207.98 (with tare)

Dry Weight After Washing (g): 190.86 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.04 99.97 0 0.00
#14 1.400 0.01 99.97 0 0.00
#18 1.000 0.01 99.96 0 0.00
#25 0.710 0.02 99.95 10 0.00
#35 0.500 0.02 99.94 10 0.00
#45 0.355 0.06 99.90 10 0.01
#60 0.250 0.24 99.75 1 0.00
#80 0.180 74.30 52.83 1 0.74
#120 0.125 50.54 20.91 1 0.51
#170 0.090 11.02 13.95 1 0.11
#230 0.063 4.28 11.25 1 0.04

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace organic matter, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 
trace organic matter, dark greenish gray 

(SP-SM)

51.0-51.5 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-124Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 38.9-39.4
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-125
Sample No.: 1
Description:

Tare Weight, (g):  49.68
179.54 (with tare)

Dry Weight After Washing (g): 169.08 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.55 99.58 100 0.55
#4 4.750 2.82 97.40 100 2.82
#7 2.800 3.47 94.73 100 3.47
#10 2.000 2.31 92.95 100 2.31
#14 1.400 2.51 91.02 100 2.51
#18 1.000 2.38 89.19 90 2.14
#25 0.710 2.42 87.32 80 1.94
#35 0.500 3.18 84.88 70 2.23
#45 0.355 3.10 82.49 40 1.24
#60 0.250 4.65 78.91 20 0.93
#80 0.180 25.61 59.19 5 1.28
#120 0.125 53.19 18.23 1 0.53
#170 0.090 10.72 9.97 1 0.11
#230 0.063 2.10 8.36 1 0.02

Total Shell Content:  17 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, little 
carbonate, few silt, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

17
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-

grained quartz, little carbonate, few silt, dark 
greenish gray (SP-SM)

38.9-39.4 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-125Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 40.9-41.4
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-125
Sample No.: 2
Description:

Tare Weight, (g):  50.19
173.1 (with tare)

Dry Weight After Washing (g): 159.72 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.38 99.69 100 0.38
#7 2.800 2.04 98.03 90 1.84
#10 2.000 1.36 96.92 100 1.36
#14 1.400 1.45 95.74 90 1.31
#18 1.000 1.19 94.78 90 1.07
#25 0.710 1.02 93.95 80 0.82
#35 0.500 1.42 92.79 80 1.14
#45 0.355 1.88 91.26 40 0.75
#60 0.250 2.87 88.93 20 0.57
#80 0.180 22.35 70.74 5 1.12
#120 0.125 62.38 19.99 1 0.62
#170 0.090 8.54 13.04 1 0.09
#230 0.063 2.13 11.31 1 0.02

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few 
carbonate, few silt, trace fragmented limestone, dark greenish gray (SP-

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-

grained quartz, few carbonate, few silt, trace 
fragmented limestone, dark greenish gray 

(SP-SM)

40.9-41.4 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-125Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.0-43.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-125
Sample No.: 3
Description:

Tare Weight, (g):  49.52
187.28 (with tare)

Dry Weight After Washing (g): 171.63 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.10 99.92 100 0.10
#14 1.400 0.05 99.88 100 0.05
#18 1.000 0.05 99.85 100 0.05
#25 0.710 0.04 99.82 90 0.04
#35 0.500 0.07 99.77 90 0.06
#45 0.355 0.10 99.70 80 0.08
#60 0.250 0.27 99.50 40 0.11
#80 0.180 7.32 94.19 5 0.37
#120 0.125 95.34 24.98 1 0.95
#170 0.090 14.67 14.33 1 0.15
#230 0.063 3.47 11.81 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace organic matter, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 
trace organic matter, dark greenish gray 

(SP-SM)

43.0-43.5 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-125Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.0-46.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-125
Sample No.: 4
Description:

Tare Weight, (g):  50.58
182.13 (with tare)

Dry Weight After Washing (g): 167.19 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.01 99.98 0 0.00
#14 1.400 0.02 99.97 80 0.02
#18 1.000 0.03 99.95 80 0.02
#25 0.710 0.03 99.92 70 0.02
#35 0.500 0.03 99.90 70 0.02
#45 0.355 0.05 99.86 40 0.02
#60 0.250 0.22 99.70 20 0.04
#80 0.180 12.35 90.31 5 0.62
#120 0.125 86.20 24.78 1 0.86
#170 0.090 13.70 14.37 1 0.14
#230 0.063 3.53 11.68 1 0.04

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

dark greenish gray (SP-SM)

46.0-46.5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-125Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.0-48.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-125
Sample No.: 5
Description:

Tare Weight, (g):  50.06
173.19 (with tare)

Dry Weight After Washing (g): 157.39 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.04 99.97 0 0.00
#14 1.400 0.06 99.92 0 0.00
#18 1.000 0.04 99.89 10 0.00
#25 0.710 0.03 99.86 10 0.00
#35 0.500 0.03 99.84 10 0.00
#45 0.355 0.05 99.80 1 0.00
#60 0.250 0.23 99.61 1 0.00
#80 0.180 20.68 82.81 1 0.21
#120 0.125 66.35 28.93 1 0.66
#170 0.090 15.37 16.45 1 0.15
#230 0.063 4.02 13.18 1 0.04

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
organic matter, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 
silt, trace carbonate, trace organic matter, 

dark greenish gray (SM)

48.0-48.5 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-125Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.5-51.0
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-125
Sample No.: 6
Description:

Tare Weight, (g):  49.70
167.85 (with tare)

Dry Weight After Washing (g): 152.69 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.01 99.99 0 0.00
#14 1.400 0.01 99.98 0 0.00
#18 1.000 0.02 99.97 20 0.00
#25 0.710 0.05 99.92 10 0.01
#35 0.500 0.04 99.89 5 0.00
#45 0.355 0.10 99.81 5 0.01
#60 0.250 0.28 99.57 1 0.00
#80 0.180 33.23 71.44 1 0.33
#120 0.125 53.64 26.04 1 0.54
#170 0.090 10.97 16.76 1 0.11
#230 0.063 3.91 13.45 1 0.04

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
organic matter, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 
silt, trace carbonate, trace organic matter, 

dark greenish gray (SM)

50.5-51.0 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-125Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 38.7-39.2
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-126
Sample No.: 1
Description:

Tare Weight, (g):  49.57
175.35 (with tare)

Dry Weight After Washing (g): 164.92 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 3.94 96.87 100 3.94
#4 4.750 4.26 93.48 100 4.26
#7 2.800 9.07 86.27 95 8.62
#10 2.000 9.63 78.61 90 8.67
#14 1.400 13.08 68.21 80 10.46
#18 1.000 9.87 60.37 80 7.90
#25 0.710 6.38 55.29 70 4.47
#35 0.500 4.32 51.86 70 3.02
#45 0.355 3.67 48.94 40 1.47
#60 0.250 3.92 45.83 20 0.78
#80 0.180 9.37 38.38 5 0.47
#120 0.125 27.43 16.57 1 0.27
#170 0.090 8.30 9.97 1 0.08
#230 0.063 1.61 8.69 1 0.02

Total Shell Content:  43 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, some 
carbonate, few silt, trace fragmented limestone, dark gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

43
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, some carbonate, few silt, 

trace fragmented limestone, dark gray (SP-
SM)

38.7-39.2 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-126Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 41.0-41.5
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-126
Sample No.: 2
Description:

Tare Weight, (g):  50.07
167.4 (with tare)

Dry Weight After Washing (g): 160.98 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.06 99.95 100 0.06
#7 2.800 0.22 99.76 100 0.22
#10 2.000 0.32 99.49 95 0.30
#14 1.400 0.50 99.06 90 0.45
#18 1.000 0.40 98.72 70 0.28
#25 0.710 0.45 98.34 70 0.32
#35 0.500 0.45 97.95 40 0.18
#45 0.355 0.57 97.47 20 0.11
#60 0.250 1.08 96.55 10 0.11
#80 0.180 18.38 80.88 2 0.37
#120 0.125 72.40 19.18 1 0.72
#170 0.090 12.31 8.68 1 0.12
#230 0.063 3.14 6.01 1 0.03

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, dark greenish gray (SP-

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, dark greenish 
gray (SP-SM)

41.0-41.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-126Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.5-44.0
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-126
Sample No.: 3
Description:

Tare Weight, (g):  50.31
151.09 (with tare)

Dry Weight After Washing (g): 136.69 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.80 99.21 20 0.16
#10 2.000 0.30 98.91 20 0.06
#14 1.400 0.54 98.37 20 0.11
#18 1.000 0.42 97.96 20 0.08
#25 0.710 0.34 97.62 30 0.10
#35 0.500 0.36 97.26 10 0.04
#45 0.355 0.48 96.79 10 0.05
#60 0.250 0.71 96.08 5 0.04
#80 0.180 8.28 87.86 2 0.17
#120 0.125 57.51 30.80 1 0.58
#170 0.090 12.96 17.94 1 0.13
#230 0.063 3.11 14.85 1 0.03

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, greenish gray (SM)

43.5-44.0 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-126Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.5-46.0
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-126
Sample No.: 4
Description:

Tare Weight, (g):  50.20
153.78 (with tare)

Dry Weight After Washing (g): 142.85 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.24 99.77 100 0.24
#10 2.000 0.15 99.62 100 0.15
#14 1.400 0.16 99.47 100 0.16
#18 1.000 0.16 99.31 100 0.16
#25 0.710 0.18 99.14 70 0.13
#35 0.500 0.23 98.92 60 0.14
#45 0.355 0.43 98.50 30 0.13
#60 0.250 0.81 97.72 10 0.08
#80 0.180 33.53 65.35 2 0.67
#120 0.125 46.29 20.66 1 0.46
#170 0.090 6.76 14.13 1 0.07
#230 0.063 3.00 11.24 1 0.03

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

greenish gray (SP-SM)

45.5-46.0 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-126Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.5-48.0
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-126
Sample No.: 5
Description:

Tare Weight, (g):  50.18
178.18 (with tare)

Dry Weight After Washing (g): 152.63 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.87 99.32 0 0.00
#7 2.800 0.43 98.98 0 0.00
#10 2.000 0.27 98.77 0 0.00
#14 1.400 0.45 98.42 0 0.00
#18 1.000 0.40 98.11 0 0.00
#25 0.710 0.56 97.67 5 0.03
#35 0.500 0.60 97.20 5 0.03
#45 0.355 0.91 96.49 2 0.02
#60 0.250 1.32 95.46 1 0.01
#80 0.180 32.06 70.41 1 0.32
#120 0.125 53.12 28.91 1 0.53
#170 0.090 7.70 22.90 1 0.08
#230 0.063 3.22 20.38 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, trace organic matter, olive (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, trace organic matter, olive (SM)

47.5-48.0 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-126Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.2-49.7
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-126
Sample No.: 6
Description:

Tare Weight, (g):  50.78
182.74 (with tare)

Dry Weight After Washing (g): 166.27 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.10 99.92 100 0.10
#7 2.800 0.04 99.89 100 0.04
#10 2.000 0.08 99.83 100 0.08
#14 1.400 0.15 99.72 100 0.15
#18 1.000 0.13 99.62 100 0.13
#25 0.710 0.15 99.51 80 0.12
#35 0.500 0.24 99.33 30 0.07
#45 0.355 0.37 99.05 20 0.07
#60 0.250 0.53 98.64 5 0.03
#80 0.180 38.89 69.17 2 0.78
#120 0.125 61.70 22.42 1 0.62
#170 0.090 9.10 15.52 1 0.09
#230 0.063 3.52 12.85 1 0.04

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace organic matter, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 
trace organic matter, dark greenish gray 

(SP-SM)

49.2-49.7 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-126Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 39.8-40.3
Project No.: 1584-01-40 Date: 9/16/2003
Boring No.: T1-03-V-127
Sample No.: 1
Description:

Tare Weight, (g):  50.28
180.72 (with tare)

Dry Weight After Washing (g): 176.06 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 4.30 96.70 100 4.30
#4 4.750 6.74 91.54 100 6.74
#7 2.800 4.61 88.00 100 4.61
#10 2.000 4.04 84.90 95 3.84
#14 1.400 5.44 80.73 95 5.17
#18 1.000 5.31 76.66 70 3.72
#25 0.710 5.34 72.57 50 2.67
#35 0.500 5.96 68.00 30 1.79
#45 0.355 6.77 62.81 20 1.35
#60 0.250 7.30 57.21 5 0.37
#80 0.180 24.19 38.67 5 1.21
#120 0.125 35.09 11.77 1 0.35
#170 0.090 8.93 4.92 1 0.09
#230 0.063 1.48 3.79 1 0.01

Total Shell Content:  28 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, some carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

28 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-127Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, some carbonate, trace fragmented 

limestone, gray (SP)

39.8-40.3
Sample No.

GRADATION CURVES
9/16/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.3-42.8
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-127
Sample No.: 2
Description:

Tare Weight, (g):  50.17
161.04 (with tare)

Dry Weight After Washing (g): 153.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.09 99.92 20 0.02
#14 1.400 0.20 99.74 70 0.14
#18 1.000 0.17 99.59 50 0.09
#25 0.710 0.24 99.37 50 0.12
#35 0.500 0.26 99.13 20 0.05
#45 0.355 0.57 98.62 5 0.03
#60 0.250 1.14 97.59 5 0.06
#80 0.180 9.52 89.01 1 0.10
#120 0.125 74.00 22.26 1 0.74
#170 0.090 13.65 9.95 1 0.14
#230 0.063 3.37 6.91 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, dark greenish gray (SP-

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, dark greenish 
gray (SP-SM)

42.3-42.8 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-127Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.0-44.5
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-127
Sample No.: 3
Description:

Tare Weight, (g):  49.95
158.26 (with tare)

Dry Weight After Washing (g): 151.79 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.03 99.97 100 0.03
#10 2.000 0.14 99.84 50 0.07
#14 1.400 0.09 99.76 50 0.05
#18 1.000 0.11 99.66 50 0.06
#25 0.710 0.09 99.58 50 0.05
#35 0.500 0.05 99.53 30 0.02
#45 0.355 0.14 99.40 20 0.03
#60 0.250 0.30 99.12 10 0.03
#80 0.180 3.92 95.50 2 0.08
#120 0.125 75.90 25.43 1 0.76
#170 0.090 16.64 10.06 1 0.17
#230 0.063 4.17 6.21 1 0.04

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, greenish gray 
(SP-SM)

44.0-44.5 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-127Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.8-44.3
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-128
Sample No.: 1
Description:

Tare Weight, (g):  49.80
139.88 (with tare)

Dry Weight After Washing (g): 122.49 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.70 97.00 100 2.70
#4 4.750 1.21 95.66 100 1.21
#7 2.800 2.34 93.06 95 2.22
#10 2.000 1.87 90.99 90 1.68
#14 1.400 1.37 89.46 80 1.10
#18 1.000 1.02 88.33 80 0.82
#25 0.710 0.91 87.32 50 0.46
#35 0.500 1.14 86.06 30 0.34
#45 0.355 1.57 84.31 20 0.31
#60 0.250 3.17 80.79 10 0.32
#80 0.180 16.08 62.94 5 0.80
#120 0.125 28.79 30.98 1 0.29
#170 0.090 7.72 22.41 1 0.08
#230 0.063 2.31 19.85 1 0.02

Total Shell Content:  14 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little carbonate, little clay, 
trace fragmented limestone, dark gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

14
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 

little carbonate, little clay, trace fragmented 
limestone, dark gray (SC)

43.8-44.3 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-128Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.6-46.1
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-128
Sample No.: 2
Description:

Tare Weight, (g):  50.46
189.32 (with tare)

Dry Weight After Washing (g): 182.85 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.19 99.86 100 0.19
#10 2.000 0.23 99.70 70 0.16
#14 1.400 0.37 99.43 80 0.30
#18 1.000 0.24 99.26 90 0.22
#25 0.710 0.21 99.11 90 0.19
#35 0.500 0.33 98.87 80 0.26
#45 0.355 0.93 98.20 30 0.28
#60 0.250 8.69 91.94 5 0.43
#80 0.180 70.20 41.39 1 0.70
#120 0.125 30.78 19.22 1 0.31
#170 0.090 7.53 13.80 1 0.08
#230 0.063 2.09 12.29 1 0.02

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, dark gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

dark gray (SP-SM)

45.6-46.1 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-128Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.3-47.8
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-128
Sample No.: 3
Description:

Tare Weight, (g):  50.35
123.34 (with tare)

Dry Weight After Washing (g): 81.89 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.12 99.84 50 0.06
#14 1.400 0.08 99.73 50 0.04
#18 1.000 0.15 99.52 60 0.09
#25 0.710 0.21 99.23 70 0.15
#35 0.500 0.36 98.74 80 0.29
#45 0.355 0.62 97.89 30 0.19
#60 0.250 2.07 95.05 10 0.21
#80 0.180 9.52 82.01 2 0.19
#120 0.125 11.76 65.90 1 0.12
#170 0.090 4.46 59.79 1 0.04
#230 0.063 1.87 57.23 1 0.02

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, trace carbonate, 
trace fragmented limestone, very dark gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
CLAY, inorganic-H, some fine-grained 

quartz sand, trace carbonate, trace 
fragmented limestone, very dark gray (CH)

47.3-47.8 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-128Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.1-50.6
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-128
Sample No.: 4
Description:

Tare Weight, (g):  50.30
168.47 (with tare)

Dry Weight After Washing (g): 166.04 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.70 99.41 100 0.70
#7 2.800 1.81 97.88 100 1.81
#10 2.000 1.73 96.41 100 1.73
#14 1.400 1.90 94.80 90 1.71
#18 1.000 1.79 93.29 80 1.43
#25 0.710 2.40 91.26 50 1.20
#35 0.500 6.52 85.74 20 1.30
#45 0.355 18.08 70.44 5 0.90
#60 0.250 21.75 52.04 2 0.44
#80 0.180 37.25 20.51 1 0.37
#120 0.125 17.90 5.37 1 0.18
#170 0.090 2.78 3.01 1 0.03
#230 0.063 0.40 2.67 1 0.00

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

10 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-128Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
50.1-50.6

Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 40.9-41.4
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-129
Sample No.: 1
Description:

Tare Weight, (g):  50.24
163.73 (with tare)

Dry Weight After Washing (g): 162.81 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.21 99.81 100 0.21
#4 4.750 0.76 99.15 100 0.76
#7 2.800 2.86 96.63 100 2.86
#10 2.000 3.34 93.68 100 3.34
#14 1.400 4.54 89.68 100 4.54
#18 1.000 4.46 85.75 100 4.46
#25 0.710 5.53 80.88 80 4.42
#35 0.500 12.08 70.24 30 3.62
#45 0.355 19.73 52.85 10 1.97
#60 0.250 15.83 38.90 3 0.47
#80 0.180 19.38 21.83 1 0.19
#120 0.125 19.12 4.98 1 0.19
#170 0.090 4.01 1.45 1 0.04
#230 0.063 0.31 1.17 1 0.00

Total Shell Content:  24 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, some carbonate, 
brownish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

24 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-129Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, some carbonate, brownish gray (SP)
40.9-41.4

Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.5-43.0
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-129
Sample No.: 2
Description:

Tare Weight, (g):  48.77
169.1 (with tare)

Dry Weight After Washing (g): 167.16 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.39 99.68 100 0.39
#7 2.800 1.42 98.50 100 1.42
#10 2.000 1.05 97.62 100 1.05
#14 1.400 1.10 96.71 100 1.10
#18 1.000 1.00 95.88 90 0.90
#25 0.710 1.13 94.94 80 0.90
#35 0.500 1.94 93.33 60 1.16
#45 0.355 4.92 89.24 30 1.48
#60 0.250 9.51 81.33 5 0.48
#80 0.180 39.84 48.23 2 0.80
#120 0.125 46.21 9.82 1 0.46
#170 0.090 8.33 2.90 1 0.08
#230 0.063 1.38 1.75 1 0.01

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-129Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, gray (SP)

42.5-43.0
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.4-43.9
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-129
Sample No.: 3
Description:

Tare Weight, (g):  49.51
137.07 (with tare)

Dry Weight After Washing (g): 104.88 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.62 99.29 80 0.50
#10 2.000 0.93 98.23 70 0.65
#14 1.400 2.50 95.37 60 1.50
#18 1.000 3.48 91.40 40 1.39
#25 0.710 4.84 85.87 20 0.97
#35 0.500 6.51 78.44 10 0.65
#45 0.355 7.33 70.07 5 0.37
#60 0.250 5.61 63.66 2 0.11
#80 0.180 6.65 56.06 1 0.07
#120 0.125 12.10 42.25 1 0.12
#170 0.090 3.75 37.96 1 0.04
#230 0.063 0.62 37.25 1 0.01

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly medium to fine-grained quartz, few carbonate, 
dark gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, clayey, mostly medium to fine-

grained quartz, few carbonate, dark gray 
(SC)

43.4-43.9 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-129Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.3-44.8
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-129
Sample No.: 4
Description:

Tare Weight, (g):  49.22
197.45 (with tare)

Dry Weight After Washing (g): 187.23 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.29 99.80 100 0.29
#4 4.750 0.43 99.51 100 0.43
#7 2.800 1.66 98.39 90 1.49
#10 2.000 2.27 96.86 70 1.59
#14 1.400 4.68 93.71 30 1.40
#18 1.000 6.78 89.13 10 0.68
#25 0.710 9.52 82.71 10 0.95
#35 0.500 14.55 72.89 5 0.73
#45 0.355 23.92 56.76 3 0.72
#60 0.250 33.52 34.14 1 0.34
#80 0.180 20.03 20.63 1 0.20
#120 0.125 15.76 10.00 1 0.16
#170 0.090 3.10 7.91 1 0.03
#230 0.063 0.76 7.39 1 0.01

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with clay, mostly medium to fine-grained quartz, 
few clay, few carbonate, trace fragmented limestone, trace organic 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

6
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, poorly-graded with clay, mostly 

medium to fine-grained quartz, few clay, few 
carbonate, trace fragmented limestone, 

trace organic matter, gray (SP-SC)

44.3-44.8 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-129Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.6-48.1
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-129
Sample No.: 5
Description:

Tare Weight, (g):  49.66
121.45 (with tare)

Dry Weight After Washing (g): 70.88 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.05 99.93 20 0.01
#14 1.400 0.18 99.68 20 0.04
#18 1.000 0.38 99.15 5 0.02
#25 0.710 0.98 97.79 5 0.05
#35 0.500 1.75 95.35 5 0.09
#45 0.355 2.22 92.26 2 0.04
#60 0.250 3.40 87.52 1 0.03
#80 0.180 5.12 80.39 1 0.05
#120 0.125 4.35 74.33 1 0.04
#170 0.090 1.87 71.72 1 0.02
#230 0.063 0.76 70.66 1 0.01

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, little fine-grained quartz sand, trace carbonate, 
trace organic matter, dark gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-129Boring No.

Classification
CLAY, inorganic-H, little fine-grained quartz 
sand, trace carbonate, trace organic matter, 

dark gray (CH)

47.6-48.1
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.6-43.1
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-130
Sample No.: 1
Description:

Tare Weight, (g):  50.00
183.61 (with tare)

Dry Weight After Washing (g): 173.01 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.14 99.90 100 0.14
#7 2.800 1.46 98.80 100 1.46
#10 2.000 1.56 97.63 80 1.25
#14 1.400 1.75 96.33 80 1.40
#18 1.000 1.26 95.38 70 0.88
#25 0.710 1.23 94.46 60 0.74
#35 0.500 1.44 93.38 40 0.58
#45 0.355 1.87 91.98 30 0.56
#60 0.250 3.35 89.48 20 0.67
#80 0.180 35.15 63.17 2 0.70
#120 0.125 60.29 18.05 1 0.60
#170 0.090 11.11 9.73 1 0.11
#230 0.063 2.34 7.98 1 0.02

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, trace fragmented limestone, greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, trace 
fragmented limestone, greenish gray (SP-

SM)

42.6-43.1 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-130Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.1-45.6
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-130
Sample No.: 2
Description:

Tare Weight, (g):  50.22
167.84 (with tare)

Dry Weight After Washing (g): 162.54 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.04 99.97 100 0.04
#10 2.000 0.18 99.81 70 0.13
#14 1.400 0.24 99.61 80 0.19
#18 1.000 0.31 99.35 90 0.28
#25 0.710 0.43 98.98 80 0.34
#35 0.500 0.49 98.56 60 0.29
#45 0.355 0.55 98.10 40 0.22
#60 0.250 0.90 97.33 10 0.09
#80 0.180 11.64 87.43 1 0.12
#120 0.125 79.23 20.07 1 0.79
#170 0.090 14.79 7.50 1 0.15
#230 0.063 3.04 4.91 1 0.03

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-130Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, greenish gray (SP)

45.1-45.6
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.0-47.5
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-130
Sample No.: 3
Description:

Tare Weight, (g):  49.87
152.01 (with tare)

Dry Weight After Washing (g): 148.67 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.08 99.91 20 0.02
#14 1.400 0.03 99.88 0 0.00
#18 1.000 0.06 99.82 50 0.03
#25 0.710 0.05 99.77 80 0.04
#35 0.500 0.05 99.73 70 0.04
#45 0.355 0.10 99.63 30 0.03
#60 0.250 0.22 99.41 30 0.07
#80 0.180 8.01 91.57 1 0.08
#120 0.125 73.93 19.19 1 0.74
#170 0.090 13.00 6.46 1 0.13
#230 0.063 2.94 3.58 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-130Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

47.0-47.5
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.0-49.5
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-130
Sample No.: 4
Description:

Tare Weight, (g):  49.38
156.28 (with tare)

Dry Weight After Washing (g): 152.59 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.02 99.98 20 0.00
#18 1.000 0.01 99.97 50 0.01
#25 0.710 0.01 99.96 30 0.00
#35 0.500 0.02 99.94 30 0.01
#45 0.355 0.07 99.88 30 0.02
#60 0.250 0.17 99.72 10 0.02
#80 0.180 39.73 62.55 1 0.40
#120 0.125 47.74 17.90 1 0.48
#170 0.090 12.02 6.65 1 0.12
#230 0.063 3.04 3.81 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-130Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
49.0-49.5

Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.2-42.7
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-131
Sample No.: 1
Description:

Tare Weight, (g):  50.08
180.86 (with tare)

Dry Weight After Washing (g): 179.97 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 4.15 96.83 100 4.15
#4 4.750 10.94 88.46 100 10.94
#7 2.800 11.65 79.55 100 11.65
#10 2.000 8.82 72.81 100 8.82
#14 1.400 10.95 64.44 100 10.95
#18 1.000 10.33 56.54 90 9.30
#25 0.710 11.62 47.65 70 8.13
#35 0.500 15.06 36.14 30 4.52
#45 0.355 11.74 27.16 20 2.35
#60 0.250 9.52 19.88 5 0.48
#80 0.180 10.26 12.04 2 0.21
#120 0.125 12.04 2.83 1 0.12
#170 0.090 2.04 1.27 1 0.02
#230 0.063 0.21 1.11 1 0.00

Total Shell Content:  55 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly coarse to medium-grained carbonate, 
little fine-grained quartz, few fine gravel-size carbonate, gray (GP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

55
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly coarse to 
medium-grained carbonate, little fine-
grained quartz, few fine gravel-size 

carbonate, gray (GP)

42.2-42.7 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-131Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.7-45.2
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-131
Sample No.: 2
Description:

Tare Weight, (g):  49.70
155.42 (with tare)

Dry Weight After Washing (g): 99.77 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.05 99.95 100 0.05
#10 2.000 0.18 99.78 100 0.18
#14 1.400 0.42 99.39 40 0.17
#18 1.000 0.42 98.99 40 0.17
#25 0.710 0.52 98.50 30 0.16
#35 0.500 0.69 97.84 10 0.07
#45 0.355 1.02 96.88 10 0.10
#60 0.250 3.19 93.86 5 0.16
#80 0.180 10.54 83.89 1 0.11
#120 0.125 16.63 68.16 1 0.17
#170 0.090 9.53 59.15 1 0.10
#230 0.063 6.13 53.35 1 0.06

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, trace carbonate, , 
very dark gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-131Boring No.

Classification
CLAY, inorganic-H, some fine-grained 

quartz sand, trace carbonate, , very dark 
gray (CH)

44.7-45.2
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.0-47.5
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-131
Sample No.: 3
Description:

Tare Weight, (g):  50.17
172.93 (with tare)

Dry Weight After Washing (g): 168.36 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.03 99.98 100 0.03
#10 2.000 0.16 99.85 80 0.13
#14 1.400 0.12 99.75 90 0.11
#18 1.000 0.12 99.65 80 0.10
#25 0.710 0.05 99.61 60 0.03
#35 0.500 0.13 99.50 50 0.07
#45 0.355 0.35 99.22 30 0.11
#60 0.250 0.85 98.53 10 0.09
#80 0.180 20.85 81.54 1 0.21
#120 0.125 81.66 15.02 1 0.82
#170 0.090 11.30 5.82 1 0.11
#230 0.063 2.32 3.93 1 0.02

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-131Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, dark greenish gray 
(SP)

47.0-47.5
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.2-42.7
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-132
Sample No.: 1
Description:

Tare Weight, (g):  49.85
175.12 (with tare)

Dry Weight After Washing (g): 173.6 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 2.59 97.93 100 2.59
3/8" 9.500 3.20 95.38 100 3.20
#4 4.750 6.01 90.58 100 6.01
#7 2.800 9.07 83.34 95 8.62
#10 2.000 6.40 78.23 95 6.08
#14 1.400 9.60 70.57 90 8.64
#18 1.000 9.89 62.67 70 6.92
#25 0.710 9.94 54.74 60 5.96
#35 0.500 10.10 46.68 40 4.04
#45 0.355 8.97 39.51 20 1.79
#60 0.250 11.05 30.69 5 0.55
#80 0.180 17.82 16.47 2 0.36
#120 0.125 15.52 4.08 1 0.16
#170 0.090 2.76 1.88 1 0.03
#230 0.063 0.44 1.52 1 0.00

Total Shell Content:  44 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, some 
carbonate, trace fragmented limestone, dark gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

44
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly medium to 

fine-grained quartz, some carbonate, trace 
fragmented limestone, dark gray (SP)

42.2-42.7 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-132Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.8-44.3
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-132
Sample No.: 2
Description:

Tare Weight, (g):  49.40
166.96 (with tare)

Dry Weight After Washing (g): 161.29 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.06 99.95 100 0.06
#7 2.800 0.38 99.63 100 0.38
#10 2.000 0.63 99.09 100 0.63
#14 1.400 0.83 98.38 90 0.75
#18 1.000 0.95 97.58 70 0.67
#25 0.710 1.33 96.44 60 0.80
#35 0.500 1.57 95.11 60 0.94
#45 0.355 1.70 93.66 20 0.34
#60 0.250 3.15 90.98 10 0.32
#80 0.180 22.88 71.52 1 0.23
#120 0.125 64.19 16.92 1 0.64
#170 0.090 10.60 7.90 1 0.11
#230 0.063 3.02 5.33 1 0.03

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few 
carbonate, few silt, greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-132Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few carbonate, few silt, 
greenish gray (SP-SM)

43.8-44.3
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.0-46.5
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-132
Sample No.: 3
Description:

Tare Weight, (g):  49.28
175.66 (with tare)

Dry Weight After Washing (g): 167.99 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.06 99.95 100 0.06
#10 2.000 0.06 99.91 100 0.06
#14 1.400 0.11 99.82 95 0.10
#18 1.000 0.10 99.74 80 0.08
#25 0.710 0.10 99.66 40 0.04
#35 0.500 0.18 99.52 40 0.07
#45 0.355 0.32 99.26 30 0.10
#60 0.250 0.72 98.69 20 0.14
#80 0.180 14.30 87.38 2 0.29
#120 0.125 82.51 22.09 1 0.83
#170 0.090 14.38 10.71 1 0.14
#230 0.063 5.02 6.74 1 0.05

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few 
carbonate, few silt, greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-132Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few carbonate, few silt, 
greenish gray (SP-SM)

46.0-46.5
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.1-44.6
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-133
Sample No.: 1
Description:

Tare Weight, (g):  50.20
159.55 (with tare)

Dry Weight After Washing (g): 157.14 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.87 99.20 100 0.87
#7 2.800 0.94 98.34 90 0.85
#10 2.000 0.90 97.52 90 0.81
#14 1.400 0.90 96.70 90 0.81
#18 1.000 1.06 95.73 70 0.74
#25 0.710 1.14 94.69 70 0.80
#35 0.500 1.41 93.40 50 0.71
#45 0.355 2.17 91.41 30 0.65
#60 0.250 4.20 87.57 10 0.42
#80 0.180 30.38 59.79 2 0.61
#120 0.125 51.30 12.88 1 0.51
#170 0.090 9.63 4.07 1 0.10
#230 0.063 1.45 2.74 1 0.01

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, greenish gray (SP)

44.1-44.6 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-133Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.5-46.0
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-133
Sample No.: 2
Description:

Tare Weight, (g):  49.93
189.21 (with tare)

Dry Weight After Washing (g): 160.04 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.55 99.61 100 0.55
#4 4.750 4.50 96.37 80 3.60
#7 2.800 5.16 92.67 90 4.64
#10 2.000 4.62 89.35 80 3.70
#14 1.400 4.50 86.12 80 3.60
#18 1.000 2.76 84.14 70 1.93
#25 0.710 2.23 82.54 40 0.89
#35 0.500 2.33 80.87 20 0.47
#45 0.355 3.78 78.15 20 0.76
#60 0.250 12.18 69.41 10 1.22
#80 0.180 33.70 45.21 3 1.01
#120 0.125 19.49 31.22 1 0.19
#170 0.090 6.99 26.20 1 0.07
#230 0.063 5.55 22.21 1 0.06

Total Shell Content:  16 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, little carbonate, 
trace fragmented limestone, very dark gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

16 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-133Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 

little clay, little carbonate, trace fragmented 
limestone, very dark gray (SC)

45.5-46.0
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.0-47.5
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-133
Sample No.: 3
Description:

Tare Weight, (g):  49.95
171.83 (with tare)

Dry Weight After Washing (g): 157.48 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.13 99.89 0 0.00
#10 2.000 0.20 99.73 0 0.00
#14 1.400 0.10 99.65 0 0.00
#18 1.000 0.10 99.57 0 0.00
#25 0.710 0.14 99.45 10 0.01
#35 0.500 0.43 99.10 10 0.04
#45 0.355 0.83 98.42 5 0.04
#60 0.250 2.20 96.61 1 0.02
#80 0.180 25.72 75.51 1 0.26
#120 0.125 60.32 26.02 1 0.60
#170 0.090 12.12 16.07 1 0.12
#230 0.063 3.28 13.38 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, olive 
gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-133Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, olive gray (SM)
47.0-47.5

Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.0-49.5
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-133
Sample No.: 4
Description:

Tare Weight, (g):  49.73
173.48 (with tare)

Dry Weight After Washing (g): 159.86 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.12 99.90 0 0.00
#10 2.000 0.09 99.83 0 0.00
#14 1.400 0.11 99.74 0 0.00
#18 1.000 0.11 99.65 0 0.00
#25 0.710 0.10 99.57 0 0.00
#35 0.500 0.21 99.40 0 0.00
#45 0.355 0.53 98.97 1 0.01
#60 0.250 1.55 97.72 0 0.00
#80 0.180 23.59 78.66 0 0.00
#120 0.125 67.15 24.40 1 0.67
#170 0.090 12.53 14.27 1 0.13
#230 0.063 3.52 11.43 1 0.04

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-133Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

olive gray (SP-SM)

49.0-49.5
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 41.4-41.9
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-134
Sample No.: 1
Description:

Tare Weight, (g):  50.15
187.11 (with tare)

Dry Weight After Washing (g): 183.65 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 6.93 94.94 100 6.93
#4 4.750 5.56 90.88 100 5.56
#7 2.800 5.23 87.06 100 5.23
#10 2.000 5.52 83.03 90 4.97
#14 1.400 8.84 76.58 90 7.96
#18 1.000 8.72 70.21 90 7.85
#25 0.710 8.83 63.76 80 7.06
#35 0.500 11.64 55.26 50 5.82
#45 0.355 13.64 45.31 20 2.73
#60 0.250 11.67 36.78 5 0.58
#80 0.180 17.73 23.84 2 0.35
#120 0.125 22.26 7.59 1 0.22
#170 0.090 5.41 3.64 1 0.05
#230 0.063 0.85 3.02 1 0.01

Total Shell Content:  40 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, some 
coarse to medium-grained carbonate, few fine gravel-size carbonate, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

40 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-134Boring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, some coarse to medium-
grained carbonate, few fine gravel-size 

carbonate, dark gray (SP)

41.4-41.9
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.0-43.5
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-134
Sample No.: 2
Description:

Tare Weight, (g):  49.39
173.67 (with tare)

Dry Weight After Washing (g): 161.35 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.13 99.90 100 0.13
#10 2.000 0.28 99.67 80 0.22
#14 1.400 0.40 99.35 70 0.28
#18 1.000 0.36 99.06 50 0.18
#25 0.710 0.35 98.78 40 0.14
#35 0.500 0.50 98.37 20 0.10
#45 0.355 0.57 97.92 10 0.06
#60 0.250 1.08 97.05 5 0.05
#80 0.180 22.21 79.18 1 0.22
#120 0.125 66.92 25.33 1 0.67
#170 0.090 14.71 13.49 1 0.15
#230 0.063 3.98 10.29 1 0.04

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-134Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

olive gray (SP-SM)

43.0-43.5
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 36.7-37.2
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-135
Sample No.: 1
Description:

Tare Weight, (g):  49.90
189.43 (with tare)

Dry Weight After Washing (g): 185.42 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.91 98.63 100 1.91
#4 4.750 5.75 94.51 100 5.75
#7 2.800 6.77 89.66 100 6.77
#10 2.000 6.39 85.08 100 6.39
#14 1.400 9.62 78.18 95 9.14
#18 1.000 10.02 71.00 90 9.02
#25 0.710 10.26 63.65 80 8.21
#35 0.500 8.78 57.36 70 6.15
#45 0.355 5.07 53.72 60 3.04
#60 0.250 5.78 49.58 20 1.16
#80 0.180 20.03 35.23 3 0.60
#120 0.125 33.72 11.06 1 0.34
#170 0.090 9.57 4.20 1 0.10
#230 0.063 1.68 3.00 1 0.02

Total Shell Content:  42 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, some coarse to 
medium-grained carbonate, few fine gravel-size carbonate, very dark 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

42 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-135Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, some coarse to medium-grained 

carbonate, few fine gravel-size carbonate, 
very dark gray (SP)

36.7-37.2
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 39.0-39.5
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-135
Sample No.: 2
Description:

Tare Weight, (g):  49.83
217.89 (with tare)

Dry Weight After Washing (g): 211.84 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 9.69 94.23 0 0.00
3/8" 9.500 15.81 84.83 50 7.91
#4 4.750 4.54 82.13 80 3.63
#7 2.800 8.72 76.94 90 7.85
#10 2.000 7.00 72.77 90 6.30
#14 1.400 8.19 67.90 90 7.37
#18 1.000 7.36 63.52 80 5.89
#25 0.710 6.80 59.47 70 4.76
#35 0.500 5.94 55.94 50 2.97
#45 0.355 4.86 53.05 20 0.97
#60 0.250 5.84 49.57 10 0.58
#80 0.180 20.48 37.39 2 0.41
#120 0.125 43.17 11.70 1 0.43
#170 0.090 10.94 5.19 1 0.11
#230 0.063 1.97 4.02 1 0.02

Total Shell Content:  29 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little fine 
gravel-size carbonate, few coarse-grained carbonate, dark greenish 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

29 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-135Boring No.

Classification
SAND, poorly-graded, mostly medium to 
fine-grained quartz, little fine gravel-size 

carbonate, few coarse-grained carbonate, 
dark greenish gray (SP)

39.0-39.5
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 40.2-40.7
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-135
Sample No.: 3
Description:

Tare Weight, (g):  49.65
177.5 (with tare)

Dry Weight After Washing (g): 162.61 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.80 99.37 100 0.80
#7 2.800 1.97 97.83 100 1.97
#10 2.000 2.13 96.17 100 2.13
#14 1.400 2.78 93.99 100 2.78
#18 1.000 3.66 91.13 90 3.29
#25 0.710 4.30 87.77 90 3.87
#35 0.500 3.76 84.83 80 3.01
#45 0.355 3.62 81.99 60 2.17
#60 0.250 4.08 78.80 40 1.63
#80 0.180 19.78 63.33 10 1.98
#120 0.125 52.00 22.66 1 0.52
#170 0.090 10.74 14.26 1 0.11
#230 0.063 2.81 12.06 1 0.03

Total Shell Content:  19 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, little coarse 
to medium-grained carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

19 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-135Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, little coarse to medium-
grained carbonate, olive gray (SP-SM)

40.2-40.7
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.0-43.5
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-135
Sample No.: 4
Description:

Tare Weight, (g):  48.74
169.64 (with tare)

Dry Weight After Washing (g): 151.13 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.09 99.93 100 0.09
#7 2.800 0.26 99.71 100 0.26
#10 2.000 0.33 99.44 100 0.33
#14 1.400 0.63 98.92 100 0.63
#18 1.000 0.51 98.49 90 0.46
#25 0.710 0.54 98.05 90 0.49
#35 0.500 0.91 97.30 60 0.55
#45 0.355 1.41 96.13 30 0.42
#60 0.250 2.00 94.47 20 0.40
#80 0.180 41.62 60.05 2 0.83
#120 0.125 37.79 28.79 1 0.38
#170 0.090 10.76 19.89 1 0.11
#230 0.063 4.70 16.00 1 0.05

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, trace carbonate, olive gray 
(SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, 

trace carbonate, olive gray (SM)
43.0-43.5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-135Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.0-45.5
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-135
Sample No.: 5
Description:

Tare Weight, (g):  50.21
179.58 (with tare)

Dry Weight After Washing (g): 156.61 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.03 99.98 50 0.02
#14 1.400 0.03 99.95 50 0.02
#18 1.000 0.05 99.91 40 0.02
#25 0.710 0.05 99.88 40 0.02
#35 0.500 0.06 99.83 20 0.01
#45 0.355 0.23 99.65 10 0.02
#60 0.250 0.45 99.30 2 0.01
#80 0.180 42.80 66.22 1 0.43
#120 0.125 48.79 28.51 1 0.49
#170 0.090 9.82 20.92 1 0.10
#230 0.063 3.49 18.22 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, trace carbonate, olive gray 
(SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-135Boring No.

Classification
SAND, silty, mostly fine-grained quartz, 

trace carbonate, olive gray (SM)
45.0-45.5

Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.5-48.0
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-135
Sample No.: 6
Description:

Tare Weight, (g):  50.49
185.01 (with tare)

Dry Weight After Washing (g): 150.92 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.17 99.87 0 0.00
#7 2.800 0.22 99.71 0 0.00
#10 2.000 0.20 99.56 0 0.00
#14 1.400 0.29 99.35 5 0.01
#18 1.000 0.28 99.14 5 0.01
#25 0.710 0.28 98.93 5 0.01
#35 0.500 0.26 98.74 5 0.01
#45 0.355 0.35 98.48 5 0.02
#60 0.250 0.62 98.02 1 0.01
#80 0.180 34.23 72.57 1 0.34
#120 0.125 54.06 32.38 1 0.54
#170 0.090 7.47 26.83 1 0.07
#230 0.063 1.62 25.62 1 0.02

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, trace carbonate, olive gray 
(SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-135Boring No.

Classification
SAND, silty, mostly fine-grained quartz, 

trace carbonate, olive gray (SM)
47.5-48.0

Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 36.8-37.3
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-136
Sample No.: 1
Description:

Tare Weight, (g):  50.32
179.38 (with tare)

Dry Weight After Washing (g): 166.21 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.61 99.53 100 0.61
#7 2.800 1.03 98.73 100 1.03
#10 2.000 1.49 97.57 95 1.42
#14 1.400 1.57 96.36 95 1.49
#18 1.000 1.43 95.25 90 1.29
#25 0.710 1.54 94.06 80 1.23
#35 0.500 1.83 92.64 70 1.28
#45 0.355 2.12 91.00 30 0.64
#60 0.250 2.97 88.70 10 0.30
#80 0.180 29.86 65.56 1 0.30
#120 0.125 54.40 23.41 1 0.54
#170 0.090 13.57 12.89 1 0.14
#230 0.063 3.23 10.39 1 0.03

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-136Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, olive 
gray (SP-SM)

36.8-37.3
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 3.7-4.2
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-137
Sample No.: 1
Description:

Tare Weight, (g):  49.47
169.72 (with tare)

Dry Weight After Washing (g): 168.32 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.98 100 0.02
#10 2.000 0.04 99.95 80 0.03
#14 1.400 0.08 99.88 80 0.06
#18 1.000 0.11 99.79 80 0.09
#25 0.710 0.10 99.71 70 0.07
#35 0.500 0.10 99.63 50 0.05
#45 0.355 0.17 99.48 40 0.07
#60 0.250 1.02 98.64 20 0.20
#80 0.180 50.33 56.78 2 1.01
#120 0.125 60.36 6.59 1 0.60
#170 0.090 5.86 1.71 1 0.06
#230 0.063 0.39 1.39 1 0.00

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
3.7-4.2 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-137Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 5.5-6.0
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-137
Sample No.: 2
Description:

Tare Weight, (g):  50.33
177.95 (with tare)

Dry Weight After Washing (g): 176.58 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.04 99.97 10 0.00
#14 1.400 0.02 99.95 0 0.00
#18 1.000 0.03 99.93 10 0.00
#25 0.710 0.03 99.91 20 0.01
#35 0.500 0.04 99.87 30 0.01
#45 0.355 0.06 99.83 80 0.05
#60 0.250 0.81 99.19 60 0.49
#80 0.180 63.34 49.56 2 1.27
#120 0.125 56.06 5.63 1 0.56
#170 0.090 5.28 1.50 1 0.05
#230 0.063 0.43 1.16 1 0.00

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
5.5-6.0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-137Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.5-8.0
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-137
Sample No.: 3
Description:

Tare Weight, (g):  50.58
172.72 (with tare)

Dry Weight After Washing (g): 170.88 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.44 99.64 80 0.35
#10 2.000 0.29 99.40 90 0.26
#14 1.400 0.77 98.77 90 0.69
#18 1.000 1.05 97.91 90 0.95
#25 0.710 1.63 96.58 50 0.82
#35 0.500 2.51 94.52 20 0.50
#45 0.355 3.79 91.42 10 0.38
#60 0.250 5.40 87.00 5 0.27
#80 0.180 62.69 35.67 1 0.63
#120 0.125 37.30 5.13 1 0.37
#170 0.090 3.73 2.08 1 0.04
#230 0.063 0.40 1.75 1 0.00

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
7.5-8.0 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-137Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 10.0-10.5
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-137
Sample No.: 4
Description:

Tare Weight, (g):  50.85
173.29 (with tare)

Dry Weight After Washing (g): 171.79 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.27 99.78 100 0.27
#10 2.000 0.38 99.47 90 0.34
#14 1.400 0.64 98.95 80 0.51
#18 1.000 0.91 98.20 70 0.64
#25 0.710 1.29 97.15 60 0.77
#35 0.500 2.23 95.33 30 0.67
#45 0.355 5.30 91.00 10 0.53
#60 0.250 27.46 68.57 2 0.55
#80 0.180 60.56 19.11 1 0.61
#120 0.125 20.07 2.72 1 0.20
#170 0.090 1.33 1.63 1 0.01
#230 0.063 0.17 1.49 1 0.00

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
10.0-10.5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-137Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.5-8.0
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-137A
Sample No.: 1
Description:

Tare Weight, (g):  50.08
193.49 (with tare)

Dry Weight After Washing (g): 192.08 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.17 99.88 100 0.17
#7 2.800 0.55 99.50 90 0.50
#10 2.000 0.70 99.01 90 0.63
#14 1.400 1.64 97.87 80 1.31
#18 1.000 2.62 96.04 70 1.83
#25 0.710 4.66 92.79 50 2.33
#35 0.500 8.23 87.05 30 2.47
#45 0.355 15.51 76.24 10 1.55
#60 0.250 37.87 49.83 2 0.76
#80 0.180 53.72 12.37 1 0.54
#120 0.125 14.59 2.20 1 0.15
#170 0.090 1.35 1.26 1 0.01
#230 0.063 0.03 1.23 1 0.00

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
7.5-8.0 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-137ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 9.5-10.0
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-137A
Sample No.: 2
Description:

Tare Weight, (g):  49.83
170.63 (with tare)

Dry Weight After Washing (g): 169.55 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.08 99.93 100 0.08
#10 2.000 0.17 99.79 90 0.15
#14 1.400 0.40 99.46 90 0.36
#18 1.000 0.56 99.00 60 0.34
#25 0.710 0.94 98.22 30 0.28
#35 0.500 2.28 96.33 10 0.23
#45 0.355 6.82 90.69 5 0.34
#60 0.250 30.66 65.31 3 0.92
#80 0.180 50.54 23.47 1 0.51
#120 0.125 23.20 4.26 1 0.23
#170 0.090 2.64 2.08 1 0.03
#230 0.063 0.14 1.96 1 0.00

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

9.5-10.0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-137ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 5.8-6.3
Project No.: 1584-01-40 Date: 9/18/2003
Boring No.: T1-03-V-138  
Sample No.: 1
Description:

Tare Weight, (g):  49.81
179.88 (with tare)

Dry Weight After Washing (g): 178.76 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.71 99.45 85 0.60
#7 2.800 1.41 98.37 80 1.13
#10 2.000 2.02 96.82 65 1.31
#14 1.400 3.93 93.80 55 2.16
#18 1.000 5.77 89.36 20 1.15
#25 0.710 7.28 83.76 30 2.18
#35 0.500 11.09 75.24 20 2.22
#45 0.355 12.87 65.34 10 1.29
#60 0.250 35.02 38.42 3 1.05
#80 0.180 34.29 12.06 1 0.34
#120 0.125 6.58 7.00 1 0.07
#170 0.090 0.72 6.44 1 0.01
#230 0.063 0.06 6.40 1 0.00

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly medium to fine-grained quartz, 
few carbonate, few silt, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

10 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-138Boring No.

Classification
SAND, poorly-graded with silt, mostly 

medium to fine-grained quartz, few 
carbonate, few silt, trace fragmented 

limestone, olive gray (SP-SM)

5.8-6.3
Sample No.

GRADATION CURVES
9/18/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 8.0-8.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-138  
Sample No.: 2
Description:

Tare Weight, (g):  50.20
176.22 (with tare)

Dry Weight After Washing (g): 175.07 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.73 99.42 25 0.18
#7 2.800 0.81 98.78 85 0.69
#10 2.000 0.83 98.12 75 0.62
#14 1.400 1.46 96.96 60 0.88
#18 1.000 2.24 95.18 40 0.90
#25 0.710 2.70 93.04 20 0.54
#35 0.500 4.67 89.34 10 0.47
#45 0.355 8.08 82.92 5 0.40
#60 0.250 14.55 71.38 3 0.44
#80 0.180 60.19 23.62 1 0.60
#120 0.125 26.06 2.94 1 0.26
#170 0.090 2.19 1.20 1 0.02
#230 0.063 0.22 1.02 1 0.00

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-138Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, gray (SP)

8.0-8.5
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 8.1-8.6
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-138A  
Sample No.: 1
Description:

Tare Weight, (g):  49.79
181.72 (with tare)

Dry Weight After Washing (g): 180.31 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.57 98.81 100 1.57
#7 2.800 2.77 96.71 75 2.08
#10 2.000 1.42 95.63 85 1.21
#14 1.400 1.96 94.15 45 0.88
#18 1.000 2.68 92.12 40 1.07
#25 0.710 3.80 89.24 30 1.14
#35 0.500 7.71 83.39 10 0.77
#45 0.355 15.50 71.64 5 0.78
#60 0.250 31.00 48.15 3 0.93
#80 0.180 39.87 17.93 1 0.40
#120 0.125 19.61 3.06 1 0.20
#170 0.090 1.81 1.69 1 0.02
#230 0.063 0.15 1.58 1 0.00

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, dark gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-138ABoring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, dark gray (SP)

8.1-8.6
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 10.0-10.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-138A  
Sample No.: 2
Description:

Tare Weight, (g):  48.71
185.53 (with tare)

Dry Weight After Washing (g): 184.11 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 2.93 97.86 100 2.93
#7 2.800 4.19 94.80 70 2.93
#10 2.000 3.67 92.11 75 2.75
#14 1.400 5.60 88.02 30 1.68
#18 1.000 6.74 83.09 30 2.02
#25 0.710 7.60 77.54 25 1.90
#35 0.500 9.97 70.25 20 1.99
#45 0.355 16.55 58.16 10 1.66
#60 0.250 33.38 33.76 3 1.00
#80 0.180 31.45 10.77 1 0.31
#120 0.125 11.44 2.41 1 0.11
#170 0.090 0.80 1.83 1 0.01
#230 0.063 0.15 1.72 1 0.00

Total Shell Content:  14 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little 
coarse to medium-grained carbonate, trace fragmented limestone, gray 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

14
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly medium to 

fine-grained quartz, little coarse to medium-
grained carbonate, trace fragmented 

limestone, gray (SP)

10.0-10.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-138ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.5-7.0
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-139  
Sample No.: 1
Description:

Tare Weight, (g):  50.06
174.35 (with tare)

Dry Weight After Washing (g): 172.85 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.28 99.77 100 0.28
#10 2.000 0.34 99.50 70 0.24
#14 1.400 0.88 98.79 70 0.62
#18 1.000 0.82 98.13 40 0.33
#25 0.710 0.83 97.47 25 0.21
#35 0.500 1.15 96.54 15 0.17
#45 0.355 2.99 94.13 10 0.30
#60 0.250 15.71 81.49 3 0.47
#80 0.180 58.32 34.57 1 0.58
#120 0.125 36.09 5.54 1 0.36
#170 0.090 4.73 1.73 1 0.05
#230 0.063 0.44 1.38 1 0.00

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

6.5-7.0 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-139Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 8.5-9.0
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-139  
Sample No.: 2
Description:

Tare Weight, (g):  49.48
167.63 (with tare)

Dry Weight After Washing (g): 165.05 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.08 99.93 100 0.08
#7 2.800 0.03 99.91 100 0.03
#10 2.000 0.02 99.89 100 0.02
#14 1.400 0.10 99.81 60 0.06
#18 1.000 0.05 99.76 65 0.03
#25 0.710 0.07 99.70 60 0.04
#35 0.500 0.14 99.59 60 0.08
#45 0.355 0.32 99.31 55 0.18
#60 0.250 1.47 98.07 20 0.29
#80 0.180 69.02 39.65 1 0.69
#120 0.125 36.29 8.94 1 0.36
#170 0.090 6.96 3.05 1 0.07
#230 0.063 0.85 2.33 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, dark gray (SP)
8.5-9.0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-139Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 10.5-11.0
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-139  
Sample No.: 3
Description:

Tare Weight, (g):  50.14
170.17 (with tare)

Dry Weight After Washing (g): 167.44 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 100 0.00
#10 2.000 0.03 99.98 90 0.03
#14 1.400 0.18 99.83 90 0.16
#18 1.000 0.66 99.28 80 0.53
#25 0.710 1.42 98.09 45 0.64
#35 0.500 3.24 95.39 20 0.65
#45 0.355 6.82 89.71 5 0.34
#60 0.250 14.18 77.90 1 0.14
#80 0.180 36.60 47.40 1 0.37
#120 0.125 45.65 9.37 1 0.46
#170 0.090 6.88 3.64 1 0.07
#230 0.063 0.85 2.93 1 0.01

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, dark gray (SP)
10.5-11.0 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-139Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.8-8.3
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-141  
Sample No.: 1
Description:

Tare Weight, (g):  50.38
175.68 (with tare)

Dry Weight After Washing (g): 174.66 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.09 99.93 100 0.09
#10 2.000 0.06 99.88 100 0.06
#14 1.400 0.15 99.76 100 0.15
#18 1.000 0.21 99.59 70 0.15
#25 0.710 0.25 99.39 65 0.16
#35 0.500 0.57 98.94 40 0.23
#45 0.355 2.70 96.78 15 0.41
#60 0.250 25.54 76.40 3 0.77
#80 0.180 72.07 18.88 1 0.72
#120 0.125 20.62 2.43 1 0.21
#170 0.090 1.28 1.40 1 0.01
#230 0.063 0.12 1.31 1 0.00

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-141Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
7.8-8.3

Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 10.0-10.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-141  
Sample No.: 2
Description:

Tare Weight, (g):  50.20
172.21 (with tare)

Dry Weight After Washing (g): 171.12 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.33 99.73 100 0.33
#10 2.000 0.13 99.62 90 0.12
#14 1.400 0.47 99.24 75 0.35
#18 1.000 0.80 98.58 60 0.48
#25 0.710 1.33 97.49 30 0.40
#35 0.500 2.53 95.42 20 0.51
#45 0.355 5.84 90.63 10 0.58
#60 0.250 25.41 69.81 5 1.27
#80 0.180 64.78 16.71 3 1.94
#120 0.125 17.98 1.98 1 0.18
#170 0.090 0.70 1.40 1 0.01
#230 0.063 0.07 1.34 1 0.00

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-141Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
10.0-10.5

Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 12.0-12.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-141  
Sample No.: 3
Description:

Tare Weight, (g):  49.91
177.26 (with tare)

Dry Weight After Washing (g): 176.2 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.11 99.91 100 0.11
#10 2.000 0.22 99.74 100 0.22
#14 1.400 0.59 99.28 95 0.56
#18 1.000 0.48 98.90 70 0.34
#25 0.710 0.60 98.43 50 0.30
#35 0.500 1.48 97.27 20 0.30
#45 0.355 7.33 91.51 10 0.73
#60 0.250 53.92 49.17 3 1.62
#80 0.180 53.46 7.19 1 0.53
#120 0.125 7.44 1.35 1 0.07
#170 0.090 0.38 1.05 1 0.00
#230 0.063 0.07 1.00 1 0.00

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, light 
olive gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-141Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, light olive gray (SP)
12.0-12.5

Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 11.4-11.9
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-142  
Sample No.: 1
Description:

Tare Weight, (g):  50.62
180.25 (with tare)

Dry Weight After Washing (g): 179.41 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.30 99.77 100 0.30
#7 2.800 1.07 98.94 100 1.07
#10 2.000 0.64 98.45 100 0.64
#14 1.400 1.17 97.55 95 1.11
#18 1.000 2.01 96.00 80 1.61
#25 0.710 3.87 93.01 65 2.52
#35 0.500 11.17 84.39 40 4.47
#45 0.355 36.28 56.41 20 7.26
#60 0.250 44.20 22.31 5 2.21
#80 0.180 23.30 4.34 3 0.70
#120 0.125 4.24 1.06 1 0.04
#170 0.090 0.23 0.89 1 0.00
#230 0.063 0.04 0.86 1 0.00

Total Shell Content:  17 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little medium-grained 
carbonate, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

17 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-142Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, little medium-grained carbonate, 

gray (SP)

11.4-11.9
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 13.5-14.0
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-142  
Sample No.: 2
Description:

Tare Weight, (g):  50.11
177.64 (with tare)

Dry Weight After Washing (g): 176.62 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 3.02 97.63 100 3.02
#4 4.750 1.20 96.69 100 1.20
#7 2.800 1.36 95.62 100 1.36
#10 2.000 1.18 94.70 90 1.06
#14 1.400 2.43 92.79 90 2.19
#18 1.000 3.64 89.94 70 2.55
#25 0.710 5.97 85.26 60 3.58
#35 0.500 11.81 76.00 40 4.72
#45 0.355 22.18 58.61 10 2.22
#60 0.250 29.39 35.56 5 1.47
#80 0.180 33.18 9.54 3 1.00
#120 0.125 9.39 2.18 1 0.09
#170 0.090 0.81 1.54 1 0.01
#230 0.063 0.11 1.46 1 0.00

Total Shell Content:  19 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little coarse to 
medium-grained carbonate, trace fine gravel-size carbonate, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

19 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-142Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little coarse to medium-grained 
carbonate, trace fine gravel-size carbonate, 

gray (SP)

13.5-14.0
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 15.3-15.8
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-142  
Sample No.: 3
Description:

Tare Weight, (g):  50.39
175.61 (with tare)

Dry Weight After Washing (g): 174.61 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.72 99.43 100 0.72
#4 4.750 1.30 98.39 100 1.30
#7 2.800 0.83 97.72 100 0.83
#10 2.000 0.61 97.24 100 0.61
#14 1.400 1.06 96.39 90 0.95
#18 1.000 1.72 95.02 70 1.20
#25 0.710 3.04 92.59 45 1.37
#35 0.500 7.09 86.93 30 2.13
#45 0.355 17.92 72.62 10 1.79
#60 0.250 38.03 42.25 3 1.14
#80 0.180 40.68 9.76 1 0.41
#120 0.125 9.74 1.98 1 0.10
#170 0.090 0.73 1.40 1 0.01
#230 0.063 0.14 1.29 1 0.00

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

10
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, gray (SP)
15.3-15.8 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-142Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 13.7-14.2
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-143  
Sample No.: 1
Description:

Tare Weight, (g):  50.28
176.71 (with tare)

Dry Weight After Washing (g): 175.72 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 3.39 97.32 100 3.39
#4 4.750 4.47 93.78 100 4.47
#7 2.800 3.87 90.72 98 3.79
#10 2.000 3.26 88.14 95 3.10
#14 1.400 5.47 83.82 80 4.38
#18 1.000 7.59 77.81 70 5.31
#25 0.710 9.39 70.39 55 5.16
#35 0.500 14.64 58.81 30 4.39
#45 0.355 23.83 39.96 5 1.19
#60 0.250 23.04 21.74 3 0.69
#80 0.180 21.26 4.92 1 0.21
#120 0.125 4.26 1.55 1 0.04
#170 0.090 0.28 1.33 1 0.00
#230 0.063 0.07 1.27 1 0.00

Total Shell Content:  29 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little 
coarse to medium-grained carbonate, few fine gravel-size carbonate, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

29 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-143Boring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, little coarse to medium-
grained carbonate, few fine gravel-size 
carbonate, trace fragmented limestone, 

gray (SP)

13.7-14.2
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 16.0-16.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-143  
Sample No.: 2
Description:

Tare Weight, (g):  50.30
182.21 (with tare)

Dry Weight After Washing (g): 180.99 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 6.76 94.88 75 5.07
#4 4.750 5.38 90.80 100 5.38
#7 2.800 3.94 87.81 100 3.94
#10 2.000 2.90 85.61 90 2.61
#14 1.400 4.79 81.98 75 3.59
#18 1.000 5.85 77.55 70 4.10
#25 0.710 7.02 72.22 60 4.21
#35 0.500 10.55 64.23 50 5.28
#45 0.355 17.86 50.69 5 0.89
#60 0.250 24.03 32.47 3 0.72
#80 0.180 31.72 8.42 1 0.32
#120 0.125 8.23 2.18 1 0.08
#170 0.090 0.37 1.90 1 0.00
#230 0.063 0.10 1.83 1 0.00

Total Shell Content:  27 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little coarse to 
medium-grained carbonate, few fine gravel-size carbonate, few 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

27 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-143Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little coarse to medium-grained 
carbonate, few fine gravel-size carbonate, 

few fragmented limestone, gray (SP)

16.0-16.5
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 13.5-14.0
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-144  
Sample No.: 1
Description:

Tare Weight, (g):  49.96
189.96 (with tare)

Dry Weight After Washing (g): 188.85 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.02 98.56 100 2.02
#4 4.750 4.50 95.34 80 3.60
#7 2.800 4.15 92.38 70 2.91
#10 2.000 3.42 89.94 65 2.22
#14 1.400 7.02 84.92 60 4.21
#18 1.000 11.21 76.91 60 6.73
#25 0.710 16.06 65.44 40 6.42
#35 0.500 22.85 49.12 25 5.71
#45 0.355 25.40 30.98 10 2.54
#60 0.250 20.58 16.28 5 1.03
#80 0.180 15.10 5.49 3 0.45
#120 0.125 5.10 1.85 1 0.05
#170 0.090 0.31 1.63 1 0.00
#230 0.063 0.05 1.59 1 0.00

Total Shell Content:  27 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little 
coarse to medium-grained carbonate, few fine gravel-size carbonate, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

27 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-144Boring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, little coarse to medium-
grained carbonate, few fine gravel-size 
carbonate, trace fragmented limestone, 

olive gray (SP)

13.5-14.0
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 14.5-15.0
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-144  
Sample No.: 2
Description:

Tare Weight, (g):  50.16
158.29 (with tare)

Dry Weight After Washing (g): 121.28 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 9.62 91.10 100 9.62
3/8" 9.500 13.74 78.40 100 13.74
#4 4.750 10.00 69.15 100 10.00
#7 2.800 3.84 65.60 100 3.84
#10 2.000 1.34 64.36 99 1.33
#14 1.400 1.65 62.83 98 1.62
#18 1.000 1.15 61.77 98 1.13
#25 0.710 0.96 60.88 95 0.91
#35 0.500 0.84 60.10 90 0.76
#45 0.355 0.77 59.39 85 0.65
#60 0.250 0.96 58.50 60 0.58
#80 0.180 1.89 56.76 20 0.38
#120 0.125 8.69 48.72 3 0.26
#170 0.090 9.56 39.88 3 0.29
#230 0.063 5.83 34.49 1 0.06

Total Shell Content:  42 %

Dry Wt. Before Washing (g):

SAND, silty, some fine gravel-size carbonate, some silt, little fine-
grained quartz sand, few coarse to medium-grained carbonate, dark 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

42 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-144Boring No.

Classification
SAND, silty, some fine gravel-size 

carbonate, some silt, little fine-grained 
quartz sand, few coarse to medium-grained 

carbonate, dark greenish gray (SM)

14.5-15.0
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 16.3-16.8
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-144  
Sample No.: 3
Description:

Tare Weight, (g):  50.07
151.82 (with tare)

Dry Weight After Washing (g): 113.42 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.11 99.89 100 0.11
#7 2.800 0.07 99.82 100 0.07
#10 2.000 0.13 99.70 80 0.10
#14 1.400 0.33 99.37 85 0.28
#18 1.000 0.24 99.14 60 0.14
#25 0.710 0.23 98.91 30 0.07
#35 0.500 0.26 98.65 10 0.03
#45 0.355 0.17 98.49 5 0.01
#60 0.250 0.50 98.00 5 0.03
#80 0.180 4.88 93.20 3 0.15
#120 0.125 37.85 56.00 1 0.38
#170 0.090 12.36 43.85 1 0.12
#230 0.063 5.70 38.25 1 0.06

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, dark greenish 

gray (SC)

16.3-16.8 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-144Boring No.

Classification

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 17.3-17.8
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-144  
Sample No.: 4
Description:

Tare Weight, (g):  49.85
173.63 (with tare)

Dry Weight After Washing (g): 161.55 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.98 100 0.02
#10 2.000 0.08 99.92 100 0.08
#14 1.400 0.07 99.86 100 0.07
#18 1.000 0.06 99.81 70 0.04
#25 0.710 0.07 99.76 50 0.04
#35 0.500 0.10 99.68 30 0.03
#45 0.355 0.33 99.41 20 0.07
#60 0.250 0.75 98.80 5 0.04
#80 0.180 23.28 80.00 3 0.70
#120 0.125 71.05 22.60 1 0.71
#170 0.090 12.81 12.25 1 0.13
#230 0.063 3.06 9.78 1 0.03

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

greenish gray (SP-SM)

17.3-17.8 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-144Boring No.

Classification

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 19.0-19.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-144  
Sample No.: 5
Description:

Tare Weight, (g):  49.81
169.59 (with tare)

Dry Weight After Washing (g): 165.41 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.08 99.93 100 0.08
#14 1.400 0.07 99.87 100 0.07
#18 1.000 0.07 99.82 80 0.06
#25 0.710 0.10 99.73 60 0.06
#35 0.500 0.15 99.61 60 0.09
#45 0.355 0.46 99.22 55 0.25
#60 0.250 0.77 98.58 70 0.54
#80 0.180 35.87 68.63 3 1.08
#120 0.125 67.61 12.19 1 0.68
#170 0.090 9.53 4.23 1 0.10
#230 0.063 1.58 2.91 1 0.02

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate,  
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-144Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate,  greenish gray (SP)
19.0-19.5

Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 3.1-3.6
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-145  
Sample No.: 1
Description:

Tare Weight, (g):  50.42
176 (with tare)

Dry Weight After Washing (g): 174.65 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.03 99.98 100 0.03
#10 2.000 0.03 99.95 100 0.03
#14 1.400 0.08 99.89 70 0.06
#18 1.000 0.08 99.82 90 0.07
#25 0.710 0.14 99.71 70 0.10
#35 0.500 0.35 99.43 45 0.16
#45 0.355 0.75 98.84 15 0.11
#60 0.250 4.02 95.64 5 0.20
#80 0.180 66.78 42.46 3 2.00
#120 0.125 43.24 8.03 1 0.43
#170 0.090 7.55 2.01 1 0.08
#230 0.063 0.86 1.33 1 0.01

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate,  
light olive gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate,  light olive gray 

(SP)

3.1-3.6 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-145Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 5.0-5.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-145  
Sample No.: 2
Description:

Tare Weight, (g):  49.69
174.24 (with tare)

Dry Weight After Washing (g): 172.46 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.83 99.33 40 0.33
#7 2.800 0.31 99.08 90 0.28
#10 2.000 0.14 98.97 70 0.10
#14 1.400 0.18 98.83 65 0.12
#18 1.000 0.22 98.65 60 0.13
#25 0.710 0.34 98.38 50 0.17
#35 0.500 0.48 97.99 25 0.12
#45 0.355 1.08 97.13 15 0.16
#60 0.250 5.36 92.82 3 0.16
#80 0.180 71.58 35.35 1 0.72
#120 0.125 36.37 6.15 1 0.36
#170 0.090 4.88 2.23 1 0.05
#230 0.063 0.63 1.73 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, light olive gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, light olive gray (SP)

5.0-5.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-145Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.0-7.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-145  
Sample No.: 3
Description:

Tare Weight, (g):  49.85
187.25 (with tare)

Dry Weight After Washing (g): 186.13 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 8.73 93.65 100 8.73
#4 4.750 14.50 83.09 80 11.60
#7 2.800 5.62 79.00 70 3.93
#10 2.000 4.33 75.85 65 2.81
#14 1.400 5.85 71.59 50 2.93
#18 1.000 5.68 67.46 50 2.84
#25 0.710 6.06 63.05 30 1.82
#35 0.500 7.85 57.34 15 1.18
#45 0.355 11.91 48.67 5 0.60
#60 0.250 20.64 33.65 3 0.62
#80 0.180 30.41 11.51 1 0.30
#120 0.125 12.42 2.47 1 0.12
#170 0.090 1.25 1.56 1 0.01
#230 0.063 0.19 1.43 1 0.00

Total Shell Content:  27 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little fine 
gravel-size carbonate, few coarse-grained carbonate, few fragmented 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

27 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-145Boring No.

Classification
SAND, poorly-graded, mostly medium to 
fine-grained quartz, little fine gravel-size 

carbonate, few coarse-grained carbonate, 
few fragmented limestone, light olive gray 

(SP)

7.0-7.5
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.4-6.9
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-145A  
Sample No.: 1
Description:

Tare Weight, (g):  50.30
181.87 (with tare)

Dry Weight After Washing (g): 180.55 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 3.11 97.64 100 3.11
#7 2.800 2.95 95.39 90 2.66
#10 2.000 2.96 93.14 70 2.07
#14 1.400 3.44 90.53 50 1.72
#18 1.000 4.07 87.44 50 2.04
#25 0.710 4.58 83.96 40 1.83
#35 0.500 6.85 78.75 30 2.06
#45 0.355 11.07 70.34 10 1.11
#60 0.250 22.82 52.99 5 1.14
#80 0.180 46.13 17.93 3 1.38
#120 0.125 19.20 3.34 1 0.19
#170 0.090 2.86 1.16 1 0.03
#230 0.063 0.30 0.93 1 0.00

Total Shell Content:  15 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few coarse to mediu-
grained carbonate, trace fine gravel-size carbonate, trace fragmented 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

15
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few coarse to mediu-grained 
carbonate, trace fine gravel-size carbonate, 
trace fragmented limestone, olive gray (SP)

6.4-6.9 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-145ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 8.0-8.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-145A  
Sample No.: 2
Description:

Tare Weight, (g):  50.12
190.01 (with tare)

Dry Weight After Washing (g): 188.93 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.82 98.70 100 1.82
#4 4.750 3.14 96.45 100 3.14
#7 2.800 3.08 94.25 90 2.77
#10 2.000 2.94 92.15 70 2.06
#14 1.400 3.80 89.43 60 2.28
#18 1.000 4.70 86.07 45 2.12
#25 0.710 6.55 81.39 40 2.62
#35 0.500 11.18 73.40 25 2.80
#45 0.355 21.27 58.20 10 2.13
#60 0.250 33.08 34.55 3 0.99
#80 0.180 35.58 9.11 1 0.36
#120 0.125 10.53 1.59 1 0.11
#170 0.090 0.80 1.02 1 0.01
#230 0.063 0.12 0.93 1 0.00

Total Shell Content:  17 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little 
coarse to medium-grained carbonate,trace fine gravel-size carbonate, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

17 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-145ABoring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, little coarse to medium-
grained carbonate,trace fine gravel-size 
carbonate, trace fragmented limestone, 

gray (SP)

8.0-8.5
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 10.0-10.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-145A  
Sample No.: 3
Description:

Tare Weight, (g):  50.03
179.49 (with tare)

Dry Weight After Washing (g): 178.4 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 3.58 97.23 90 3.22
#7 2.800 2.84 95.04 80 2.27
#10 2.000 3.29 92.50 65 2.14
#14 1.400 6.00 87.86 60 3.60
#18 1.000 7.09 82.39 50 3.55
#25 0.710 7.10 76.90 40 2.84
#35 0.500 8.70 70.18 25 2.18
#45 0.355 12.61 60.44 15 1.89
#60 0.250 25.32 40.89 5 1.27
#80 0.180 38.62 11.05 3 1.16
#120 0.125 11.83 1.92 1 0.12
#170 0.090 0.87 1.24 1 0.01
#230 0.063 0.11 1.16 1 0.00

Total Shell Content:  19 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little 
coarse to medium-grained carbonate, trace fine gravel-size carbonate, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

19 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-145ABoring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, little coarse to medium-
grained carbonate, trace fine gravel-size 
carbonate, trace fragmented limestone, 

gray (SP)

10.0-10.5
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.7-8.2
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-146A  
Sample No.: 1
Description:

Tare Weight, (g):  50.12
170.6 (with tare)

Dry Weight After Washing (g): 169.25 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.98 100 0.02
#10 2.000 0.04 99.95 100 0.04
#14 1.400 0.23 99.76 80 0.18
#18 1.000 0.41 99.42 75 0.31
#25 0.710 0.81 98.75 50 0.41
#35 0.500 1.96 97.12 20 0.39
#45 0.355 6.53 91.70 5 0.33
#60 0.250 22.34 73.16 3 0.67
#80 0.180 56.30 26.43 1 0.56
#120 0.125 27.58 3.54 1 0.28
#170 0.090 2.70 1.29 1 0.03
#230 0.063 0.11 1.20 1 0.00

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, olive gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, olive gray (SP)

7.7-8.2 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-146ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 10.0-10.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-146A  
Sample No.: 2
Description:

Tare Weight, (g):  49.02
167.97 (with tare)

Dry Weight After Washing (g): 166.64 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.92 99.23 100 0.92
#7 2.800 1.40 98.05 65 0.91
#10 2.000 1.02 97.19 60 0.61
#14 1.400 1.58 95.86 60 0.95
#18 1.000 1.99 94.19 40 0.80
#25 0.710 3.32 91.40 35 1.16
#35 0.500 5.76 86.56 20 1.15
#45 0.355 12.89 75.72 10 1.29
#60 0.250 35.21 46.12 5 1.76
#80 0.180 37.84 14.31 3 1.14
#120 0.125 13.61 2.87 1 0.14
#170 0.090 1.24 1.82 1 0.01
#230 0.063 0.16 1.69 1 0.00

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, light 
olive gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, light olive gray (SP)

10.0-10.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-146ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 4.8-5.3
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-147  
Sample No.: 1
Description:

Tare Weight, (g):  49.91
167.67 (with tare)

Dry Weight After Washing (g): 166.13 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.11 99.91 100 0.11
#7 2.800 0.11 99.81 100 0.11
#10 2.000 0.07 99.75 100 0.07
#14 1.400 0.21 99.58 85 0.18
#18 1.000 0.35 99.28 80 0.28
#25 0.710 0.47 98.88 65 0.31
#35 0.500 0.99 98.04 25 0.25
#45 0.355 2.58 95.85 10 0.26
#60 0.250 11.11 86.41 3 0.33
#80 0.180 52.88 41.51 1 0.53
#120 0.125 39.67 7.82 1 0.40
#170 0.090 6.60 2.22 1 0.07
#230 0.063 0.83 1.51 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate,  
olive gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate,  olive gray (SP)

4.8-5.3 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-147Boring No.

Classification

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.5-7.0
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-147  
Sample No.: 2
Description:

Tare Weight, (g):  49.89
169.13 (with tare)

Dry Weight After Washing (g): 167.61 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 100 0.02
#14 1.400 0.04 99.95 100 0.04
#18 1.000 0.05 99.91 90 0.05
#25 0.710 0.07 99.85 90 0.06
#35 0.500 0.20 99.68 40 0.08
#45 0.355 0.71 99.09 30 0.21
#60 0.250 5.41 94.55 3 0.16
#80 0.180 49.30 53.20 1 0.49
#120 0.125 54.78 7.26 1 0.55
#170 0.090 6.41 1.89 1 0.06
#230 0.063 0.77 1.24 1 0.01

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

6.5-7.0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-147Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 8.5-9.0
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-147  
Sample No.: 3
Description:

Tare Weight, (g):  49.31
175.9 (with tare)

Dry Weight After Washing (g): 174.22 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.11 99.91 100 0.11
#10 2.000 0.05 99.87 100 0.05
#14 1.400 0.09 99.80 100 0.09
#18 1.000 0.12 99.71 70 0.08
#25 0.710 0.22 99.53 40 0.09
#35 0.500 0.60 99.06 50 0.30
#45 0.355 1.88 97.57 20 0.38
#60 0.250 10.43 89.34 5 0.52
#80 0.180 64.70 38.23 1 0.65
#120 0.125 39.76 6.82 1 0.40
#170 0.090 6.15 1.96 1 0.06
#230 0.063 0.78 1.34 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

8.5-9.0 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-147Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 8.0-8.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-147A  
Sample No.: 1
Description:

Tare Weight, (g):  50.20
169.45 (with tare)

Dry Weight After Washing (g): 167.82 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.01 99.99 100 0.01
#14 1.400 0.02 99.97 100 0.02
#18 1.000 0.06 99.92 75 0.05
#25 0.710 0.06 99.87 70 0.04
#35 0.500 0.22 99.69 65 0.14
#45 0.355 0.50 99.27 40 0.20
#60 0.250 3.01 96.75 10 0.30
#80 0.180 43.99 59.86 3 1.32
#120 0.125 62.68 7.30 1 0.63
#170 0.090 6.66 1.71 1 0.07
#230 0.063 0.58 1.22 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, olive
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, olive gray (SP)

8.0-8.5 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-147ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 10.0-10.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-147A  
Sample No.: 2
Description:

Tare Weight, (g):  49.33
178.83 (with tare)

Dry Weight After Washing (g): 177.29 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.89 99.31 100 0.89
#7 2.800 3.41 96.68 70 2.39
#10 2.000 2.17 95.00 70 1.52
#14 1.400 2.65 92.96 70 1.86
#18 1.000 2.51 91.02 65 1.63
#25 0.710 3.28 88.49 60 1.97
#35 0.500 5.18 84.49 40 2.07
#45 0.355 10.67 76.25 25 2.67
#60 0.250 41.47 44.22 5 2.07
#80 0.180 36.74 15.85 3 1.10
#120 0.125 15.87 3.60 1 0.16
#170 0.090 2.64 1.56 1 0.03
#230 0.063 0.27 1.35 1 0.00

Total Shell Content:  14 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little coarse to 
medium-grained carbonate, few fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

14 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-147ABoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little coarse to medium-grained 
carbonate, few fragmented limestone, gray 

(SP)

10.0-10.5
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 2.8-3.3
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-148  
Sample No.: 1
Description:

Tare Weight, (g):  50.04
169.5 (with tare)

Dry Weight After Washing (g): 167.48 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.30 99.75 100 0.30
#7 2.800 0.06 99.70 100 0.06
#10 2.000 0.03 99.67 100 0.03
#14 1.400 0.03 99.65 100 0.03
#18 1.000 0.05 99.61 80 0.04
#25 0.710 0.10 99.52 80 0.08
#35 0.500 0.26 99.31 40 0.10
#45 0.355 0.90 98.55 20 0.18
#60 0.250 3.62 95.52 10 0.36
#80 0.180 30.24 70.21 3 0.91
#120 0.125 69.45 12.07 1 0.69
#170 0.090 11.03 2.84 1 0.11
#230 0.063 1.15 1.88 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

2.8-3.3 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-148Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 4.7-5.2
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-148  
Sample No.: 2
Description:

Tare Weight, (g):  50.25
174.25 (with tare)

Dry Weight After Washing (g): 171.75 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.17 99.86 100 0.17
#7 2.800 0.08 99.80 100 0.08
#10 2.000 0.11 99.71 100 0.11
#14 1.400 0.28 99.48 70 0.20
#18 1.000 0.21 99.31 70 0.15
#25 0.710 0.19 99.16 60 0.11
#35 0.500 0.25 98.96 55 0.14
#45 0.355 0.78 98.33 20 0.16
#60 0.250 4.74 94.51 10 0.47
#80 0.180 67.11 40.39 3 2.01
#120 0.125 39.32 8.68 1 0.39
#170 0.090 7.21 2.86 1 0.07
#230 0.063 0.86 2.17 1 0.01

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

4.7-5.2 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-148Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.5-7.0
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-148  
Sample No.: 3
Description:

Tare Weight, (g):  50.29
181.55 (with tare)

Dry Weight After Washing (g): 180.29 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.88 97.81 100 2.88
#4 4.750 7.27 92.27 70 5.09
#7 2.800 8.48 85.81 70 5.94
#10 2.000 7.26 80.28 65 4.72
#14 1.400 10.30 72.43 65 6.70
#18 1.000 10.60 64.35 60 6.36
#25 0.710 9.11 57.41 50 4.56
#35 0.500 9.89 49.88 30 2.97
#45 0.355 11.81 40.88 20 2.36
#60 0.250 17.50 27.55 5 0.88
#80 0.180 23.36 9.75 1 0.23
#120 0.125 8.91 2.96 1 0.09
#170 0.090 1.27 2.00 1 0.01
#230 0.063 0.18 1.86 1 0.00

Total Shell Content:  33 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little 
coarse to medium-grained carbonate, few fine gravel-size carbonate, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

33 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-148Boring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, little coarse to medium-
grained carbonate, few fine gravel-size 

carbonate, few fragmented limestone, gray 
(SP)

6.5-7.0
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 5.0-5.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-148A  
Sample No.: 1
Description:

Tare Weight, (g):  49.76
194.6 (with tare)

Dry Weight After Washing (g): 192.71 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.20 99.86 100 0.20
#7 2.800 0.43 99.57 100 0.43
#10 2.000 0.88 98.96 95 0.84
#14 1.400 2.00 97.58 85 1.70
#18 1.000 2.86 95.60 65 1.86
#25 0.710 4.55 92.46 40 1.82
#35 0.500 8.48 86.61 30 2.54
#45 0.355 16.06 75.52 10 1.61
#60 0.250 30.00 54.81 3 0.90
#80 0.180 49.21 20.83 1 0.49
#120 0.125 23.90 4.33 1 0.24
#170 0.090 3.41 1.97 1 0.03
#230 0.063 0.20 1.84 1 0.00

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, olive gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, olive gray (SP)

5.0-5.5 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-148ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.0-7.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-148A  
Sample No.: 2
Description:

Tare Weight, (g):  50.41
181.41 (with tare)

Dry Weight After Washing (g): 179.9 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.82 98.61 100 1.82
#4 4.750 1.30 97.62 100 1.30
#7 2.800 1.73 96.30 75 1.30
#10 2.000 1.00 95.53 65 0.65
#14 1.400 1.28 94.56 60 0.77
#18 1.000 1.34 93.53 45 0.60
#25 0.710 2.11 91.92 40 0.84
#35 0.500 3.92 88.93 30 1.18
#45 0.355 8.98 82.08 15 1.35
#60 0.250 24.52 63.36 5 1.23
#80 0.180 58.29 18.86 3 1.75
#120 0.125 20.52 3.20 1 0.21
#170 0.090 2.48 1.31 1 0.02
#230 0.063 0.24 1.12 1 0.00

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

10
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, gray (SP)

7.0-7.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-148ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.0-7.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-149  
Sample No.: 1
Description:

Tare Weight, (g):  49.85
182.77 (with tare)

Dry Weight After Washing (g): 179.03 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 10.05 92.44 100 10.05
#4 4.750 11.15 84.05 95 10.59
#7 2.800 8.86 77.38 80 7.09
#10 2.000 6.75 72.31 76 5.13
#14 1.400 8.39 65.99 65 5.45
#18 1.000 6.98 60.74 50 3.49
#25 0.710 6.84 55.60 50 3.42
#35 0.500 8.16 49.46 25 2.04
#45 0.355 10.21 41.78 10 1.02
#60 0.250 14.00 31.24 5 0.70
#80 0.180 17.96 17.73 3 0.54
#120 0.125 14.42 6.88 1 0.14
#170 0.090 4.40 3.57 1 0.04
#230 0.063 0.92 2.88 1 0.01

Total Shell Content:  37 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little fine 
gravel-size carbonate, little coarse to medium-grained carbonate, trace 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

37 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-149Boring No.

Classification
SAND, poorly-graded, mostly medium to 
fine-grained quartz, little fine gravel-size 

carbonate, little coarse to medium-grained 
carbonate, trace fragmented limestone, 

olive gray (SP)

7.0-7.5
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 9.5-10.0
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-149  
Sample No.: 2
Description:

Tare Weight, (g):  50.92
192.14 (with tare)

Dry Weight After Washing (g): 190.96 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.50 98.94 100 1.50
#4 4.750 5.86 94.79 100 5.86
#7 2.800 3.62 92.22 80 2.90
#10 2.000 3.28 89.90 70 2.30
#14 1.400 5.08 86.31 65 3.30
#18 1.000 5.60 82.34 65 3.64
#25 0.710 7.48 77.04 60 4.49
#35 0.500 13.43 67.53 35 4.70
#45 0.355 26.01 49.11 10 2.60
#60 0.250 37.58 22.50 5 1.88
#80 0.180 22.58 6.51 3 0.68
#120 0.125 5.89 2.34 1 0.06
#170 0.090 0.37 2.08 1 0.00
#230 0.063 0.03 2.06 1 0.00

Total Shell Content:  24 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little 
coarse to medium-grained carbonate, few fine gravel-size carbonate, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

24 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-149Boring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, little coarse to medium-
grained carbonate, few fine gravel-size 
carbonate, trace fragmented limestone, 

gray (SP)

9.5-10.0
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 3.1-3.6
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-150  
Sample No.: 1
Description:

Tare Weight, (g):  50.77
169.29 (with tare)

Dry Weight After Washing (g): 167.48 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.14 99.88 100 0.14
#10 2.000 0.24 99.68 100 0.24
#14 1.400 0.41 99.33 80 0.33
#18 1.000 0.49 98.92 65 0.32
#25 0.710 0.54 98.46 60 0.32
#35 0.500 0.88 97.72 30 0.26
#45 0.355 2.67 95.47 20 0.53
#60 0.250 16.16 81.83 5 0.81
#80 0.180 73.55 19.78 3 2.21
#120 0.125 18.32 4.32 1 0.18
#170 0.090 3.05 1.75 1 0.03
#230 0.063 0.36 1.44 1 0.00

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, gray (SP)

3.1-3.6 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-150Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 5.0-5.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-150  
Sample No.: 2
Description:

Tare Weight, (g):  48.82
170.47 (with tare)

Dry Weight After Washing (g): 168.23 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.01 99.99 60 0.01
#18 1.000 0.02 99.98 40 0.01
#25 0.710 0.06 99.93 40 0.02
#35 0.500 0.11 99.84 30 0.03
#45 0.355 0.35 99.55 10 0.04
#60 0.250 2.07 97.85 3 0.06
#80 0.180 69.07 41.07 1 0.69
#120 0.125 41.06 7.32 1 0.41
#170 0.090 6.56 1.92 1 0.07
#230 0.063 0.88 1.20 1 0.01

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

5.0-5.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-150Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.0-7.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-150  
Sample No.: 3
Description:

Tare Weight, (g):  50.23
184.74 (with tare)

Dry Weight After Washing (g): 183.38 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 4.87 96.38 100 4.87
#4 4.750 8.90 89.76 90 8.01
#7 2.800 8.59 83.38 70 6.01
#10 2.000 5.34 79.41 55 2.94
#14 1.400 7.43 73.88 45 3.34
#18 1.000 6.88 68.77 40 2.75
#25 0.710 8.01 62.81 40 3.20
#35 0.500 10.42 55.07 30 3.13
#45 0.355 14.93 43.97 15 2.24
#60 0.250 21.73 27.81 5 1.09
#80 0.180 27.50 7.37 3 0.83
#120 0.125 6.93 2.22 1 0.07
#170 0.090 0.92 1.53 1 0.01
#230 0.063 0.26 1.34 1 0.00

Total Shell Content:  29 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little 
coarse to medium-grained carbonate, few fine gravel-size carbonate, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

29 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-150Boring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, little coarse to medium-
grained carbonate, few fine gravel-size 

carbonate, few fragmented limestone, light 
olive gray (SP)

7.0-7.5
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 3.1-3.6
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-150A  
Sample No.: 1
Description:

Tare Weight, (g):  50.09
175.35 (with tare)

Dry Weight After Washing (g): 173.41 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.03 99.98 100 0.03
#7 2.800 0.04 99.94 100 0.04
#10 2.000 0.06 99.90 100 0.06
#14 1.400 0.19 99.74 70 0.13
#18 1.000 0.28 99.52 55 0.15
#25 0.710 0.47 99.15 50 0.24
#35 0.500 0.97 98.37 30 0.29
#45 0.355 2.60 96.30 15 0.39
#60 0.250 19.91 80.40 5 1.00
#80 0.180 71.95 22.96 1 0.72
#120 0.125 21.34 5.92 1 0.21
#170 0.090 4.14 2.62 1 0.04
#230 0.063 0.73 2.04 1 0.01

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, dark gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, dark gray (SP)

3.1-3.6 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-150ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 2.4-2.9
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-151  
Sample No.: 1
Description:

Tare Weight, (g):  49.73
175.54 (with tare)

Dry Weight After Washing (g): 169.17 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.10 99.92 100 0.10
#7 2.800 0.04 99.89 100 0.04
#10 2.000 0.10 99.81 100 0.10
#14 1.400 0.08 99.75 100 0.08
#18 1.000 0.14 99.63 80 0.11
#25 0.710 0.15 99.52 80 0.12
#35 0.500 0.21 99.35 80 0.17
#45 0.355 0.50 98.95 40 0.20
#60 0.250 1.88 97.46 10 0.19
#80 0.180 32.18 71.88 3 0.97
#120 0.125 64.94 20.26 1 0.65
#170 0.090 14.43 8.79 1 0.14
#230 0.063 4.54 5.18 1 0.05

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, dark greenish gray 
(SP)

2.4-2.9 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-151Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 5.0-5.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-151  
Sample No.: 2
Description:

Tare Weight, (g):  48.42
170.83 (with tare)

Dry Weight After Washing (g): 166.93 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.09 99.93 100 0.09
#10 2.000 0.02 99.91 100 0.02
#14 1.400 0.13 99.80 100 0.13
#18 1.000 0.17 99.67 60 0.10
#25 0.710 0.32 99.40 60 0.19
#35 0.500 0.64 98.88 25 0.16
#45 0.355 1.38 97.75 10 0.14
#60 0.250 3.59 94.82 5 0.18
#80 0.180 44.61 58.38 3 1.34
#120 0.125 56.26 12.42 1 0.56
#170 0.090 10.10 4.17 1 0.10
#230 0.063 1.38 3.04 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, dark gray (SP)
5.0-5.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-151Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.0-7.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-151  
Sample No.: 3
Description:

Tare Weight, (g):  50.82
170.05 (with tare)

Dry Weight After Washing (g): 165.07 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.08 99.92 100 0.08
#14 1.400 0.16 99.79 90 0.14
#18 1.000 0.24 99.59 80 0.19
#25 0.710 0.35 99.30 60 0.21
#35 0.500 1.07 98.40 25 0.27
#45 0.355 2.97 95.91 10 0.30
#60 0.250 8.27 88.97 5 0.41
#80 0.180 30.91 63.05 3 0.93
#120 0.125 54.74 17.13 1 0.55
#170 0.090 12.73 6.46 1 0.13
#230 0.063 2.31 4.52 1 0.02

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, gray 
(SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, gray (SP)
7.0-7.5 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-151Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 8.3-8.8
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-151A  
Sample No.: 3
Description:

Tare Weight, (g):  50.25
170.41 (with tare)

Dry Weight After Washing (g): 150.88 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 5.98 95.02 100 5.98
#4 4.750 1.01 94.18 100 1.01
#7 2.800 0.78 93.53 100 0.78
#10 2.000 0.31 93.28 80 0.25
#14 1.400 0.60 92.78 65 0.39
#18 1.000 0.50 92.36 45 0.23
#25 0.710 0.45 91.99 35 0.16
#35 0.500 0.40 91.65 30 0.12
#45 0.355 0.53 91.21 20 0.11
#60 0.250 1.26 90.16 10 0.13
#80 0.180 12.01 80.17 3 0.36
#120 0.125 59.62 30.55 1 0.60
#170 0.090 12.97 19.76 1 0.13
#230 0.063 3.66 16.71 1 0.04

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, olive gray (SP)

4.5-5.0 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-151ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.0-6.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-151A  
Sample No.: 2
Description:

Tare Weight, (g):  50.67
146.75 (with tare)

Dry Weight After Washing (g): 106.93 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 13.66 85.78 100 13.66
#4 4.750 0.49 85.27 100 0.49
#7 2.800 0.51 84.74 100 0.51
#10 2.000 0.45 84.27 100 0.45
#14 1.400 0.65 83.60 100 0.65
#18 1.000 0.53 83.05 95 0.50
#25 0.710 0.53 82.49 95 0.50
#35 0.500 0.56 81.91 90 0.50
#45 0.355 0.65 81.23 60 0.39
#60 0.250 1.37 79.81 25 0.34
#80 0.180 2.83 76.86 10 0.28
#120 0.125 17.12 59.04 3 0.51
#170 0.090 11.90 46.66 1 0.12
#230 0.063 4.44 42.04 1 0.04

Total Shell Content:  20 %

Dry Wt. Before Washing (g):

SAND, silty, some fine-grained quartz, some silt, little fine gravel-size 
carbonate, few coarse to medium-grained carbonate, dark greenish 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

20 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-151ABoring No.

Classification
SAND, silty, some fine-grained quartz, 

some silt, little fine gravel-size carbonate, 
few coarse to medium-grained carbonate, 

dark greenish gray (SM)

6.0-6.5
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 4.5-5.0
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-151A  
Sample No.: 1
Description:

Tare Weight, (g):  49.83
174.48 (with tare)

Dry Weight After Washing (g): 172.27 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.05 99.96 100 0.05
#7 2.800 0.10 99.88 100 0.10
#10 2.000 0.15 99.76 100 0.15
#14 1.400 0.24 99.57 85 0.20
#18 1.000 0.25 99.37 80 0.20
#25 0.710 0.24 99.17 65 0.16
#35 0.500 0.63 98.67 35 0.22
#45 0.355 1.95 97.10 20 0.39
#60 0.250 6.93 91.54 5 0.35
#80 0.180 43.42 56.71 3 1.30
#120 0.125 54.75 12.79 1 0.55
#170 0.090 10.46 4.40 1 0.10
#230 0.063 2.68 2.25 1 0.03

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, olive gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, few 

carbonate, trace fragmented limestone, 
dark greenish gray (SM)

8.3-8.8 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-151ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 3.9-4.4
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-152  
Sample No.: 1
Description:

Tare Weight, (g):  50.59
171.36 (with tare)

Dry Weight After Washing (g): 167.79 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.02 99.98 100 0.02
#7 2.800 0.02 99.97 100 0.02
#10 2.000 0.09 99.89 100 0.09
#14 1.400 0.25 99.69 80 0.20
#18 1.000 0.19 99.53 60 0.11
#25 0.710 0.25 99.32 40 0.10
#35 0.500 0.33 99.05 30 0.10
#45 0.355 0.66 98.50 25 0.17
#60 0.250 3.38 95.70 5 0.17
#80 0.180 49.60 54.63 3 1.49
#120 0.125 48.80 14.23 1 0.49
#170 0.090 10.48 5.55 1 0.10
#230 0.063 2.87 3.17 1 0.03

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, dark gray (SP)
3.9-4.4 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-152Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 5.5-6.0
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-152  
Sample No.: 2
Description:

Tare Weight, (g):  50.82
177.99 (with tare)

Dry Weight After Washing (g): 175.11 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.54 98.79 100 1.54
#7 2.800 2.03 97.19 100 2.03
#10 2.000 0.65 96.68 100 0.65
#14 1.400 1.07 95.84 90 0.96
#18 1.000 0.91 95.12 80 0.73
#25 0.710 1.11 94.25 70 0.78
#35 0.500 1.73 92.89 40 0.69
#45 0.355 3.17 90.40 10 0.32
#60 0.250 9.52 82.91 5 0.48
#80 0.180 57.62 37.60 1 0.58
#120 0.125 38.66 7.20 1 0.39
#170 0.090 6.78 1.87 1 0.07
#230 0.063 0.92 1.15 1 0.01

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, dark 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, dark gray (SP)
5.5-6.0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-152Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 7.9-8.4
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-152  
Sample No.: 3
Description:

Tare Weight, (g):  49.79
168.09 (with tare)

Dry Weight After Washing (g): 163.41 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 8.19 93.08 100 8.19
#4 4.750 9.96 84.66 100 9.96
#7 2.800 4.93 80.49 100 4.93
#10 2.000 2.34 78.51 100 2.34
#14 1.400 2.42 76.47 100 2.42
#18 1.000 1.97 74.80 100 1.97
#25 0.710 1.82 73.26 80 1.46
#35 0.500 2.03 71.55 50 1.02
#45 0.355 2.32 69.59 30 0.70
#60 0.250 3.91 66.28 10 0.39
#80 0.180 25.29 44.90 1 0.25
#120 0.125 39.11 11.84 1 0.39
#170 0.090 9.21 4.06 1 0.09
#230 0.063 1.64 2.67 1 0.02

Total Shell Content:  29 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little fine gravel-size 
carbonate, little coarse to medium-grained carbonate, dark gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

29 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-152Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little fine gravel-size carbonate, little 
coarse to medium-grained carbonate, dark 

gray (SP)

7.9-8.4
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.2-6.7
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-152A  
Sample No.: 1
Description:

Tare Weight, (g):  49.54
176.41 (with tare)

Dry Weight After Washing (g): 172.67 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.26 98.22 100 2.26
#4 4.750 3.23 95.67 100 3.23
#7 2.800 5.99 90.95 100 5.99
#10 2.000 2.66 88.85 100 2.66
#14 1.400 3.46 86.13 90 3.11
#18 1.000 2.63 84.05 80 2.10
#25 0.710 2.46 82.12 70 1.72
#35 0.500 2.80 79.91 30 0.84
#45 0.355 4.61 76.27 10 0.46
#60 0.250 11.94 66.86 5 0.60
#80 0.180 35.20 39.12 1 0.35
#120 0.125 33.35 12.83 1 0.33
#170 0.090 10.33 4.69 1 0.10
#230 0.063 2.24 2.92 1 0.02

Total Shell Content:  19 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little coarse to 
medium-grained carbonate, trace fine gravel-size carbonate, very dark 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

19 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-152ABoring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little coarse to medium-grained 
carbonate, trace fine gravel-size carbonate, 

very dark greenish gray (SP)

6.2-6.7
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 8.2-8.7
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-152A  
Sample No.: 2
Description:

Tare Weight, (g):  50.00
173.77 (with tare)

Dry Weight After Washing (g): 163.09 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.18 99.85 100 0.18
#7 2.800 0.57 99.39 100 0.57
#10 2.000 0.28 99.17 100 0.28
#14 1.400 0.43 98.82 90 0.39
#18 1.000 0.43 98.47 100 0.43
#25 0.710 0.64 97.96 80 0.51
#35 0.500 1.18 97.00 50 0.59
#45 0.355 2.06 95.34 20 0.41
#60 0.250 4.37 91.81 5 0.22
#80 0.180 29.57 67.92 1 0.30
#120 0.125 56.93 21.92 1 0.57
#170 0.090 13.04 11.38 1 0.13
#230 0.063 3.29 8.73 1 0.03

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-152ABoring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

dark greenish gray (SP-SM)

8.2-8.7
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 10.8-11.3
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-152A  
Sample No.: 3
Description:

Tare Weight, (g):  49.22
158.06 (with tare)

Dry Weight After Washing (g): 137.45 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.91 99.16 100 0.91
#4 4.750 2.12 97.22 100 2.12
#7 2.800 0.74 96.54 100 0.74
#10 2.000 0.33 96.23 100 0.33
#14 1.400 0.47 95.80 90 0.42
#18 1.000 0.36 95.47 80 0.29
#25 0.710 0.28 95.21 40 0.11
#35 0.500 0.21 95.02 30 0.06
#45 0.355 0.26 94.78 20 0.05
#60 0.250 0.48 94.34 10 0.05
#80 0.180 5.79 89.02 1 0.06
#120 0.125 57.22 36.45 1 0.57
#170 0.090 15.12 22.56 1 0.15
#230 0.063 3.65 19.20 1 0.04

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, few carbonate, 
dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-152ABoring No.

Classification
SAND, clayey, mostly fine-grained quartz, 

little clay, few carbonate, dark greenish gray 
(SC)

10.8-11.3
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 13.0-13.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-152A  
Sample No.: 4
Description:

Tare Weight, (g):  50.49
170.71 (with tare)

Dry Weight After Washing (g): 149.84 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.05 99.96 100 0.05
#10 2.000 0.04 99.93 100 0.04
#14 1.400 0.14 99.81 100 0.14
#18 1.000 0.09 99.73 50 0.05
#25 0.710 0.09 99.66 50 0.05
#35 0.500 0.08 99.59 30 0.02
#45 0.355 0.17 99.45 20 0.03
#60 0.250 0.43 99.09 10 0.04
#80 0.180 9.32 91.34 1 0.09
#120 0.125 62.32 39.50 1 0.62
#170 0.090 19.54 23.25 1 0.20
#230 0.063 6.42 17.91 1 0.06

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-152ABoring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

13.0-13.5
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 2.9-3.4
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-153  
Sample No.: 1
Description:

Tare Weight, (g):  49.77
175.08 (with tare)

Dry Weight After Washing (g): 171.89 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.03 99.98 100 0.03
#7 2.800 0.11 99.89 100 0.11
#10 2.000 0.14 99.78 100 0.14
#14 1.400 0.30 99.54 100 0.30
#18 1.000 0.28 99.31 100 0.28
#25 0.710 0.40 98.99 80 0.32
#35 0.500 0.81 98.35 60 0.49
#45 0.355 1.93 96.81 20 0.39
#60 0.250 9.96 88.86 5 0.50
#80 0.180 53.62 46.07 1 0.54
#120 0.125 42.98 11.77 1 0.43
#170 0.090 9.59 4.12 1 0.10
#230 0.063 1.67 2.79 1 0.02

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, dark greenish gray 
(SP)

2.9-3.4 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-153Boring No.

Classification

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 5.0-5.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-153  
Sample No.: 2
Description:

Tare Weight, (g):  49.85
176.86 (with tare)

Dry Weight After Washing (g): 171.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.07 99.94 30 0.02
#18 1.000 0.03 99.92 20 0.01
#25 0.710 0.03 99.90 20 0.01
#35 0.500 0.08 99.83 30 0.02
#45 0.355 0.26 99.63 30 0.08
#60 0.250 2.32 97.80 10 0.23
#80 0.180 46.47 61.22 1 0.46
#120 0.125 58.55 15.12 1 0.59
#170 0.090 11.29 6.23 1 0.11
#230 0.063 2.45 4.30 1 0.02

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-153Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, dark greenish gray 
(SP)

5.0-5.5
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.5-7.0
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-153  
Sample No.: 3
Description:

Tare Weight, (g):  50.26
167.05 (with tare)

Dry Weight After Washing (g): 163.02 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.04 99.97 100 0.04
#7 2.800 0.00 99.97 0 0.00
#10 2.000 0.02 99.95 100 0.02
#14 1.400 0.04 99.91 90 0.04
#18 1.000 0.06 99.86 50 0.03
#25 0.710 0.07 99.80 40 0.03
#35 0.500 2.00 98.09 50 1.00
#45 0.355 0.67 97.52 40 0.27
#60 0.250 3.92 94.16 5 0.20
#80 0.180 56.60 45.70 1 0.57
#120 0.125 40.89 10.69 1 0.41
#170 0.090 8.83 3.13 1 0.09
#230 0.063 1.09 2.19 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, dark gray (SP)
6.5-7.0 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-153Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 8.3-8.8
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-153  
Sample No.: 4
Description:

Tare Weight, (g):  50.41
164.24 (with tare)

Dry Weight After Washing (g): 134.99 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.36 99.68 100 0.36
#7 2.800 0.94 98.86 100 0.94
#10 2.000 0.69 98.25 100 0.69
#14 1.400 0.98 97.39 90 0.88
#18 1.000 0.84 96.65 70 0.59
#25 0.710 0.73 96.01 50 0.37
#35 0.500 0.57 95.51 20 0.11
#45 0.355 0.58 95.00 5 0.03
#60 0.250 1.38 93.79 3 0.04
#80 0.180 12.98 82.39 1 0.13
#120 0.125 43.72 43.98 1 0.44
#170 0.090 15.00 30.80 1 0.15
#230 0.063 4.97 26.43 1 0.05

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
organic matter, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-153Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 
silt, trace carbonate, trace organic matter, 

dark greenish gray (SM)

8.3-8.8
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 2.1-2.6
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-153A  
Sample No.: 1
Description:

Tare Weight, (g):  50.14
178.25 (with tare)

Dry Weight After Washing (g): 175.68 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.31 99.76 100 0.31
#7 2.800 1.05 98.94 100 1.05
#10 2.000 0.75 98.35 100 0.75
#14 1.400 0.97 97.60 100 0.97
#18 1.000 1.10 96.74 100 1.10
#25 0.710 1.15 95.84 90 1.04
#35 0.500 2.07 94.22 40 0.83
#45 0.355 4.29 90.88 10 0.43
#60 0.250 13.68 80.20 1 0.14
#80 0.180 51.18 40.25 1 0.51
#120 0.125 38.45 10.23 1 0.38
#170 0.090 8.84 3.33 1 0.09
#230 0.063 1.59 2.09 1 0.02

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, dark 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

6
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, dark gray (SP)
2.1-2.6 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-153ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 4.0-4.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-153A  
Sample No.: 2
Description:

Tare Weight, (g):  50.34
171.55 (with tare)

Dry Weight After Washing (g): 168.46 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.01 99.98 100 0.01
#14 1.400 0.05 99.94 100 0.05
#18 1.000 0.12 99.84 100 0.12
#25 0.710 0.11 99.75 90 0.10
#35 0.500 0.35 99.46 50 0.18
#45 0.355 0.73 98.86 20 0.15
#60 0.250 2.10 97.13 5 0.11
#80 0.180 17.72 82.51 1 0.18
#120 0.125 80.97 15.71 1 0.81
#170 0.090 14.39 3.84 1 0.14
#230 0.063 1.74 2.40 1 0.02

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, dark gray (SP)
4.0-4.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-153ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 6.0-6.5
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-153A  
Sample No.: 3
Description:

Tare Weight, (g):  49.67
166.67 (with tare)

Dry Weight After Washing (g): 163.63 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.28 99.76 100 0.28
#7 2.800 0.10 99.68 100 0.10
#10 2.000 0.06 99.62 100 0.06
#14 1.400 0.15 99.50 100 0.15
#18 1.000 0.20 99.32 100 0.20
#25 0.710 0.22 99.14 80 0.18
#35 0.500 0.74 98.50 30 0.22
#45 0.355 1.33 97.37 10 0.13
#60 0.250 3.13 94.69 3 0.09
#80 0.180 34.65 65.08 1 0.35
#120 0.125 62.73 11.46 1 0.63
#170 0.090 9.39 3.44 1 0.09
#230 0.063 1.20 2.41 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, dark greenish gray 
(SP)

6.0-6.5 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-153ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 8.3-8.8
Project No.: 1584-01-40 Date: 9/22/2003
Boring No.: T1-03-V-153A  
Sample No.: 4
Description:

Tare Weight, (g):  48.35
160.92 (with tare)

Dry Weight After Washing (g): 145.85 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.03 99.97 100 0.03
#10 2.000 0.06 99.92 40 0.02
#14 1.400 0.12 99.81 40 0.05
#18 1.000 0.23 99.61 20 0.05
#25 0.710 0.19 99.44 20 0.04
#35 0.500 0.23 99.24 10 0.02
#45 0.355 0.24 99.02 3 0.01
#60 0.250 0.74 98.37 3 0.02
#80 0.180 11.56 88.10 1 0.12
#120 0.125 60.58 34.28 1 0.61
#170 0.090 17.58 18.66 1 0.18
#230 0.063 5.20 14.04 1 0.05

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-153ABoring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

8.3-8.8
Sample No.

GRADATION CURVES
9/22/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.4-42.9
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-170  
Sample No.: 1
Description:

Tare Weight, (g):  50.22
176.91 (with tare)

Dry Weight After Washing (g): 174.92 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.33 99.74 100 0.33
#7 2.800 0.31 99.49 100 0.31
#10 2.000 0.37 99.20 90 0.33
#14 1.400 0.48 98.82 100 0.48
#18 1.000 0.29 98.59 90 0.26
#25 0.710 0.38 98.30 90 0.34
#35 0.500 0.61 97.81 80 0.49
#45 0.355 1.47 96.65 40 0.59
#60 0.250 4.59 93.03 10 0.46
#80 0.180 41.52 60.26 1 0.42
#120 0.125 60.94 12.16 1 0.61
#170 0.090 11.46 3.11 1 0.11
#230 0.063 1.60 1.85 1 0.02

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, olive
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, olive gray (SP)

42.4-42.9 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-170Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.4-43.9
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-170  
Sample No.: 2
Description:

Tare Weight, (g):  49.91
172.85 (with tare)

Dry Weight After Washing (g): 141.29 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.23 99.81 100 0.23
#7 2.800 0.54 99.37 100 0.54
#10 2.000 0.75 98.76 90 0.68
#14 1.400 1.01 97.94 90 0.91
#18 1.000 1.15 97.01 90 1.04
#25 0.710 1.06 96.14 80 0.85
#35 0.500 1.20 95.17 60 0.72
#45 0.355 1.51 93.94 30 0.45
#60 0.250 2.86 91.61 10 0.29
#80 0.180 14.65 79.70 3 0.44
#120 0.125 35.03 51.20 1 0.35
#170 0.090 17.00 37.38 1 0.17
#230 0.063 12.06 27.57 1 0.12

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, few carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

6 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-170Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 
silt, few carbonate, dark greenish gray (SM)

43.4-43.9
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.6-45.1
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-170  
Sample No.: 3
Description:

Tare Weight, (g):  50.48
148.99 (with tare)

Dry Weight After Washing (g): 95.97 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.02 99.98 20 0.00
#18 1.000 0.04 99.94 20 0.01
#25 0.710 0.04 99.90 20 0.01
#35 0.500 0.03 99.87 30 0.01
#45 0.355 0.12 99.75 20 0.02
#60 0.250 0.32 99.42 20 0.06
#80 0.180 1.54 97.86 1 0.02
#120 0.125 4.30 93.49 1 0.04
#170 0.090 18.06 75.16 1 0.18
#230 0.063 16.83 58.08 1 0.17

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, trace carbonate, 
dark greenish gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-170Boring No.

Classification
CLAY, inorganic-H, some fine-grained 

quartz sand, trace carbonate, dark greenish 
gray (CH)

44.6-45.1
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.0-50.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-170  
Sample No.: 4
Description:

Tare Weight, (g):  50.34
162.09 (with tare)

Dry Weight After Washing (g): 103.88 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.09 99.92 100 0.09
#14 1.400 0.07 99.86 20 0.01
#18 1.000 0.07 99.79 70 0.05
#25 0.710 0.08 99.72 100 0.08
#35 0.500 0.11 99.62 80 0.09
#45 0.355 0.30 99.36 50 0.15
#60 0.250 0.71 98.72 20 0.14
#80 0.180 1.13 97.71 5 0.06
#120 0.125 1.70 96.19 1 0.02
#170 0.090 26.42 72.55 1 0.26
#230 0.063 18.53 55.96 1 0.19

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, trace carbonate, 
trace organic matter, dark greenish gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-170Boring No.

Classification
CLAY, inorganic-H, some fine-grained 

quartz sand, trace carbonate, trace organic 
matter, dark greenish gray (CH)

50.0-50.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 55.0-55.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-170  
Sample No.: 5
Description:

Tare Weight, (g):  50.38
139.14 (with tare)

Dry Weight After Washing (g): 60.39 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 0 0.00
#14 1.400 0.07 99.90 0 0.00
#18 1.000 0.09 99.80 10 0.01
#25 0.710 0.03 99.76 30 0.01
#35 0.500 0.04 99.72 20 0.01
#45 0.355 0.05 99.66 20 0.01
#60 0.250 0.06 99.59 10 0.01
#80 0.180 0.12 99.46 5 0.01
#120 0.125 0.42 98.99 1 0.00
#170 0.090 3.05 95.55 1 0.03
#230 0.063 5.29 89.59 1 0.05

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, few fine-grained quartz sand, trace organic matter, 
very dark greenish gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-170Boring No.

Classification
CLAY, inorganic-H, few fine-grained quartz 

sand, trace organic matter, very dark 
greenish gray (CH)

55.0-55.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 60.0-60.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-170  
Sample No.: 6
Description:

Tare Weight, (g):  50.01
129.56 (with tare)

Dry Weight After Washing (g): 58.65 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.01 99.99 0 0.00
#14 1.400 0.07 99.90 0 0.00
#18 1.000 0.15 99.71 5 0.01
#25 0.710 0.08 99.61 10 0.01
#35 0.500 0.04 99.56 10 0.00
#45 0.355 0.07 99.47 5 0.00
#60 0.250 0.07 99.38 1 0.00
#80 0.180 0.29 99.02 1 0.00
#120 0.125 2.93 95.34 1 0.03
#170 0.090 3.36 91.11 1 0.03
#230 0.063 1.54 89.18 1 0.02

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, few fine-grained quartz sand, trace organic matter, 
black (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-170Boring No.

Classification
CLAY, inorganic-H, few fine-grained quartz 

sand, trace organic matter, black (CH)
60.0-60.5

Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.8-43.3
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-171  
Sample No.: 1
Description:

Tare Weight, (g):  49.92
168.27 (with tare)

Dry Weight After Washing (g): 165.97 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 3.52 97.03 60 2.11
#4 4.750 1.29 95.94 100 1.29
#7 2.800 2.06 94.20 100 2.06
#10 2.000 1.43 92.99 90 1.29
#14 1.400 1.36 91.84 100 1.36
#18 1.000 0.89 91.09 90 0.80
#25 0.710 0.83 90.38 90 0.75
#35 0.500 1.18 89.39 70 0.83
#45 0.355 2.71 87.10 30 0.81
#60 0.250 5.85 82.15 5 0.29
#80 0.180 36.32 51.47 2 0.73
#120 0.125 46.17 12.45 1 0.46
#170 0.090 10.70 3.41 1 0.11
#230 0.063 1.45 2.19 1 0.01

Total Shell Content:  11 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, olive 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

11
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, olive gray (SP)
42.8-43.3 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-171Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.5-45.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-171  
Sample No.: 2
Description:

Tare Weight, (g):  49.60
166.27 (with tare)

Dry Weight After Washing (g): 136.66 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.04 99.97 25 0.01
#14 1.400 0.07 99.91 30 0.02
#18 1.000 0.09 99.83 30 0.03
#25 0.710 0.10 99.74 10 0.01
#35 0.500 0.23 99.55 10 0.02
#45 0.355 0.33 99.26 10 0.03
#60 0.250 0.74 98.63 10 0.07
#80 0.180 3.91 95.28 5 0.20
#120 0.125 55.14 48.02 1 0.55
#170 0.090 18.16 32.45 1 0.18
#230 0.063 7.06 26.40 1 0.07

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, very 
dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-171Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, very dark greenish 
gray (SM)

44.5-45.0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.0-47.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-171  
Sample No.: 3
Description:

Tare Weight, (g):  50.23
183.71 (with tare)

Dry Weight After Washing (g): 147.24 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.03 99.98 0 0.00
#18 1.000 0.03 99.96 20 0.01
#25 0.710 0.06 99.91 30 0.02
#35 0.500 0.04 99.88 30 0.01
#45 0.355 0.05 99.84 50 0.03
#60 0.250 0.20 99.69 20 0.04
#80 0.180 2.59 97.75 2 0.05
#120 0.125 63.22 50.39 1 0.63
#170 0.090 21.99 33.92 1 0.22
#230 0.063 7.35 28.41 1 0.07

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, some silt, trace carbonate, 
trace organic matter, very dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-171Boring No.

Classification
SAND, silty, mostly fine-grained quartz, 
some silt, trace carbonate, trace organic 

matter, very dark greenish gray (SM)

47.0-47.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.7-50.2
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-171  
Sample No.: 4
Description:

Tare Weight, (g):  50.19
161.31 (with tare)

Dry Weight After Washing (g): 123.29 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.03 99.97 10 0.00
#18 1.000 0.03 99.95 10 0.00
#25 0.710 0.03 99.92 40 0.01
#35 0.500 0.06 99.87 30 0.02
#45 0.355 0.06 99.81 30 0.02
#60 0.250 0.11 99.71 30 0.03
#80 0.180 1.89 98.01 5 0.09
#120 0.125 44.20 58.23 1 0.44
#170 0.090 17.91 42.12 1 0.18
#230 0.063 7.56 35.31 1 0.08

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, some silt, trace carbonate, 
trace organic matter, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-171Boring No.

Classification
SAND, silty, mostly fine-grained quartz, 
some silt, trace carbonate, trace organic 

matter, dark greenish gray (SM)

49.7-50.2
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.8-53.3
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-171  
Sample No.: 5
Description:

Tare Weight, (g):  50.29
168.47 (with tare)

Dry Weight After Washing (g): 156.43 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.05 99.96 5 0.00
#14 1.400 0.07 99.90 5 0.00
#18 1.000 0.08 99.83 20 0.02
#25 0.710 0.04 99.80 20 0.01
#35 0.500 0.04 99.76 10 0.00
#45 0.355 0.05 99.72 10 0.01
#60 0.250 0.26 99.50 3 0.01
#80 0.180 3.19 96.80 1 0.03
#120 0.125 85.58 24.39 1 0.86
#170 0.090 13.14 13.27 1 0.13
#230 0.063 2.77 10.92 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace organic matter, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-171Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 
trace organic matter, olive gray (SP-SM)

52.8-53.3
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.4-44.9
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-172  
Sample No.: 1
Description:

Tare Weight, (g):  50.04
174.21 (with tare)

Dry Weight After Washing (g): 171.99 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.69 99.44 100 0.69
#7 2.800 0.32 99.19 90 0.29
#10 2.000 0.33 98.92 100 0.33
#14 1.400 0.59 98.45 90 0.53
#18 1.000 0.49 98.05 90 0.44
#25 0.710 0.52 97.63 90 0.47
#35 0.500 1.05 96.79 50 0.53
#45 0.355 2.58 94.71 20 0.52
#60 0.250 5.85 90.00 10 0.59
#80 0.180 45.37 53.46 1 0.45
#120 0.125 53.08 10.71 1 0.53
#170 0.090 9.42 3.12 1 0.09
#230 0.063 1.31 2.07 1 0.01

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, olive
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, olive gray (SP)

44.4-44.9 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-172Boring No.

Classification

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.4-45.9
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-172  
Sample No.: 2
Description:

Tare Weight, (g):  49.35
159.43 (with tare)

Dry Weight After Washing (g): 120.25 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 3.44 96.88 100 3.44
#7 2.800 1.23 95.76 100 1.23
#10 2.000 1.15 94.71 100 1.15
#14 1.400 1.58 93.28 100 1.58
#18 1.000 1.20 92.19 90 1.08
#25 0.710 0.90 91.37 80 0.72
#35 0.500 0.73 90.71 50 0.37
#45 0.355 0.60 90.16 40 0.24
#60 0.250 0.60 89.62 20 0.12
#80 0.180 1.46 88.29 20 0.29
#120 0.125 31.28 59.87 2 0.63
#170 0.090 18.21 43.33 1 0.18
#230 0.063 7.25 36.75 1 0.07

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, few carbonate, 
dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

10 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-172Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
some clay, few carbonate, dark greenish 

gray (SC)

45.4-45.9
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.0-47.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-172  
Sample No.: 3
Description:

Tare Weight, (g):  50.11
158.55 (with tare)

Dry Weight After Washing (g): 120.92 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.09 99.92 100 0.09
#7 2.800 0.08 99.84 100 0.08
#10 2.000 0.21 99.65 90 0.19
#14 1.400 0.12 99.54 100 0.12
#18 1.000 0.13 99.42 90 0.12
#25 0.710 0.06 99.36 100 0.06
#35 0.500 0.06 99.31 80 0.05
#45 0.355 0.11 99.21 80 0.09
#60 0.250 0.15 99.07 50 0.08
#80 0.180 3.06 96.25 5 0.15
#120 0.125 43.99 55.68 1 0.44
#170 0.090 16.24 40.70 1 0.16
#230 0.063 5.76 35.39 1 0.06

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
trace organic matter, dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-172Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, trace organic 

matter, dark greenish gray (SC)

47.0-47.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.9-52.4
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-172  
Sample No.: 4
Description:

Tare Weight, (g):  50.18
112.44 (with tare)

Dry Weight After Washing (g): 58.29 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.05 99.92 20 0.01
#14 1.400 0.07 99.81 0 0.00
#18 1.000 0.12 99.61 5 0.01
#25 0.710 0.07 99.50 5 0.00
#35 0.500 0.12 99.31 5 0.01
#45 0.355 0.15 99.07 10 0.02
#60 0.250 0.19 98.76 5 0.01
#80 0.180 0.72 97.61 1 0.01
#120 0.125 3.33 92.26 1 0.03
#170 0.090 2.13 88.84 1 0.02
#230 0.063 0.82 87.52 1 0.01

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, few fine-grained quartz sand, trace organic matter, 
black (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-172Boring No.

Classification
CLAY, inorganic-H, few fine-grained quartz 

sand, trace organic matter, black (CH)
51.9-52.4

Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 55.0-55.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-172  
Sample No.: 5
Description:

Tare Weight, (g):  50.05
115.63 (with tare)

Dry Weight After Washing (g): 55.24 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.98 0 0.00
#10 2.000 0.02 99.95 0 0.00
#14 1.400 0.04 99.89 0 0.00
#18 1.000 0.05 99.82 0 0.00
#25 0.710 0.08 99.70 5 0.00
#35 0.500 0.20 99.39 5 0.01
#45 0.355 0.39 98.80 5 0.02
#60 0.250 0.34 98.28 5 0.02
#80 0.180 0.37 97.71 1 0.00
#120 0.125 1.34 95.67 1 0.01
#170 0.090 1.15 93.92 1 0.01
#230 0.063 0.83 92.65 1 0.01

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, few fine-grained quartz sand, trace organic matter, 
greenish black (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-172Boring No.

Classification
CLAY, inorganic-H, few fine-grained quartz 
sand, trace organic matter, greenish black 

(CH)

55.0-55.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 58.3-58.8
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-172  
Sample No.: 6
Description:

Tare Weight, (g):  50.34
163.59 (with tare)

Dry Weight After Washing (g): 135.77 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.06 99.95 5 0.00
#18 1.000 0.03 99.92 0 0.00
#25 0.710 0.06 99.87 30 0.02
#35 0.500 0.09 99.79 5 0.00
#45 0.355 0.12 99.68 5 0.01
#60 0.250 0.18 99.52 5 0.01
#80 0.180 1.68 98.04 1 0.02
#120 0.125 65.79 39.95 1 0.66
#170 0.090 13.84 27.73 1 0.14
#230 0.063 3.19 24.91 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, trace carbonate, 
olive gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-172Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
little clay, trace carbonate, olive gray (SC)

58.3-58.8
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.2-44.7
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-173  
Sample No.: 1
Description:

Tare Weight, (g):  49.44
176.41 (with tare)

Dry Weight After Washing (g): 174.68 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 4.03 96.83 100 4.03
#4 4.750 0.62 96.34 100 0.62
#7 2.800 0.65 95.83 100 0.65
#10 2.000 0.72 95.26 100 0.72
#14 1.400 0.89 94.56 100 0.89
#18 1.000 0.79 93.94 100 0.79
#25 0.710 0.96 93.18 80 0.77
#35 0.500 2.06 91.56 30 0.62
#45 0.355 4.62 87.92 10 0.46
#60 0.250 8.15 81.50 5 0.41
#80 0.180 48.46 43.33 1 0.48
#120 0.125 43.74 8.88 1 0.44
#170 0.090 8.25 2.39 1 0.08
#230 0.063 1.16 1.47 1 0.01

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, olive 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, olive gray (SP)
44.2-44.7 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-173Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.4-45.9
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-173  
Sample No.: 2
Description:

Tare Weight, (g):  50.05
158.23 (with tare)

Dry Weight After Washing (g): 92.24 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 40 0.01
#14 1.400 0.11 99.88 20 0.02
#18 1.000 0.06 99.82 20 0.01
#25 0.710 0.03 99.80 30 0.01
#35 0.500 0.03 99.77 30 0.01
#45 0.355 0.06 99.71 30 0.02
#60 0.250 0.13 99.59 20 0.03
#80 0.180 0.44 99.19 5 0.02
#120 0.125 3.41 96.03 1 0.03
#170 0.090 18.50 78.93 1 0.19
#230 0.063 15.66 64.46 1 0.16

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, trace organic 
matter, very dark greenish gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-173Boring No.

Classification
CLAY, inorganic-H, some fine-grained 

quartz sand, trace organic matter, very dark 
greenish gray (CH)

45.4-45.9
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.0-48.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-173  
Sample No.: 3
Description:

Tare Weight, (g):  50.56
152.12 (with tare)

Dry Weight After Washing (g): 75.91 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.03 99.97 0 0.00
#14 1.400 0.05 99.92 0 0.00
#18 1.000 0.02 99.90 10 0.00
#25 0.710 0.02 99.88 0 0.00
#35 0.500 0.02 99.86 20 0.00
#45 0.355 0.04 99.82 20 0.01
#60 0.250 0.06 99.76 20 0.01
#80 0.180 0.13 99.64 10 0.01
#120 0.125 2.49 97.18 5 0.12
#170 0.090 10.19 87.15 1 0.10
#230 0.063 10.87 76.45 1 0.11

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, little fine-grained quartz sand, trace organic matter, 
very dark greenish gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
CLAY, inorganic-H, little fine-grained quartz 

sand, trace organic matter, very dark 
greenish gray (CH)

48.0-48.5 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-173Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.2-50.7
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-173  
Sample No.: 4
Description:

Tare Weight, (g):  49.81
174.2 (with tare)

Dry Weight After Washing (g): 133.01 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 30 0.01
#14 1.400 0.05 99.94 10 0.01
#18 1.000 0.07 99.89 30 0.02
#25 0.710 0.04 99.86 71 0.03
#35 0.500 0.06 99.81 70 0.04
#45 0.355 0.07 99.75 71 0.05
#60 0.250 0.10 99.67 60 0.06
#80 0.180 0.67 99.13 20 0.13
#120 0.125 43.83 63.90 1 0.44
#170 0.090 25.06 43.75 1 0.25
#230 0.063 10.66 35.18 1 0.11

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
trace organic matter, very dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-173Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, trace organic 

matter, very dark greenish gray (SC)

50.2-50.7
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 53.2-53.7
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-173  
Sample No.: 5
Description:

Tare Weight, (g):  50.58
170.13 (with tare)

Dry Weight After Washing (g): 155.48 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.15 99.87 0 0.00
#18 1.000 0.18 99.72 20 0.04
#25 0.710 0.05 99.68 40 0.02
#35 0.500 0.05 99.64 40 0.02
#45 0.355 0.05 99.60 50 0.03
#60 0.250 0.14 99.48 50 0.07
#80 0.180 3.90 96.22 5 0.20
#120 0.125 76.35 32.35 1 0.76
#170 0.090 19.52 16.03 1 0.20
#230 0.063 4.23 12.49 1 0.04

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace organic matter, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-173Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 
trace organic matter, dark greenish gray 

(SP-SM)

53.2-53.7
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.5-46.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-174  
Sample No.: 1
Description:

Tare Weight, (g):  49.64
173.73 (with tare)

Dry Weight After Washing (g): 171.08 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 2.60 97.90 100 2.60
#7 2.800 1.66 96.57 100 1.66
#10 2.000 1.44 95.41 100 1.44
#14 1.400 1.41 94.27 100 1.41
#18 1.000 1.31 93.21 90 1.18
#25 0.710 1.27 92.19 70 0.89
#35 0.500 2.03 90.56 40 0.81
#45 0.355 3.48 87.75 10 0.35
#60 0.250 6.29 82.68 5 0.31
#80 0.180 40.18 50.30 1 0.40
#120 0.125 49.55 10.37 1 0.50
#170 0.090 8.70 3.36 1 0.09
#230 0.063 1.19 2.40 1 0.01

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, dark 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, dark gray (SP)
45.5-46.0 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-174Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.8-48.3
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-174  
Sample No.: 2
Description:

Tare Weight, (g):  49.74
133.24 (with tare)

Dry Weight After Washing (g): 76.59 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.12 99.86 20 0.02
#14 1.400 0.32 99.47 50 0.16
#18 1.000 0.56 98.80 80 0.45
#25 0.710 0.94 97.68 70 0.66
#35 0.500 1.14 96.31 40 0.46
#45 0.355 1.35 94.69 20 0.27
#60 0.250 1.76 92.59 10 0.18
#80 0.180 4.75 86.90 2 0.10
#120 0.125 10.39 74.46 1 0.10
#170 0.090 3.92 69.76 1 0.04
#230 0.063 1.15 68.38 1 0.01

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, trace carbonate, 
trace organic matter, very dark gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-174Boring No.

Classification
CLAY, inorganic-H, some fine-grained 

quartz sand, trace carbonate, trace organic 
matter, very dark gray (CH)

47.8-48.3
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.5-50.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-174  
Sample No.: 3
Description:

Tare Weight, (g):  50.12
123.29 (with tare)

Dry Weight After Washing (g): 64.38 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.27 99.63 100 0.27
#7 2.800 0.23 99.32 100 0.23
#10 2.000 0.18 99.07 80 0.14
#14 1.400 0.13 98.89 70 0.09
#18 1.000 0.38 98.37 70 0.27
#25 0.710 0.59 97.57 80 0.47
#35 0.500 0.73 96.57 50 0.37
#45 0.355 0.73 95.57 30 0.22
#60 0.250 0.85 94.41 10 0.09
#80 0.180 1.95 91.75 2 0.04
#120 0.125 5.03 84.87 1 0.05
#170 0.090 2.20 81.86 1 0.02
#230 0.063 0.80 80.77 1 0.01

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, little fine-grained quartz sand, trace carbonate, 
trace organic matter, very dark gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
CLAY, inorganic-H, little fine-grained quartz 
sand, trace carbonate, trace organic matter, 

very dark gray (CH)

49.5-50.0 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-174Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.5-51.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-174  
Sample No.: 4
Description:

Tare Weight, (g):  50.63
183.62 (with tare)

Dry Weight After Washing (g): 151.98 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.37 99.72 70 0.26
#7 2.800 0.71 99.19 70 0.50
#10 2.000 0.63 98.71 50 0.32
#14 1.400 0.95 98.00 40 0.38
#18 1.000 0.79 97.41 20 0.16
#25 0.710 0.86 96.76 10 0.09
#35 0.500 0.83 96.14 10 0.08
#45 0.355 1.00 95.38 10 0.10
#60 0.250 1.52 94.24 5 0.08
#80 0.180 6.38 89.44 1 0.06
#120 0.125 60.37 44.05 1 0.60
#170 0.090 21.15 28.14 1 0.21
#230 0.063 5.00 24.39 1 0.05

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, olive gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-174Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, olive gray (SM)

50.5-51.0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.4-46.9
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-175  
Sample No.: 1
Description:

Tare Weight, (g):  50.03
182.21 (with tare)

Dry Weight After Washing (g): 159.19 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.21 99.08 100 1.21
#7 2.800 4.76 95.48 95 4.52
#10 2.000 3.63 92.74 90 3.27
#14 1.400 4.14 89.61 95 3.93
#18 1.000 3.82 86.72 90 3.44
#25 0.710 3.72 83.90 80 2.98
#35 0.500 4.30 80.65 70 3.01
#45 0.355 4.86 76.97 60 2.92
#60 0.250 7.15 71.56 30 2.15
#80 0.180 31.21 47.95 5 1.56
#120 0.125 31.85 23.85 1 0.32
#170 0.090 6.46 18.97 1 0.06
#230 0.063 1.65 17.72 1 0.02

Total Shell Content:  22 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little coarse to medium-grained 
carbonate, little silt, greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

22 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-175Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 
coarse to medium-grained carbonate, little 

silt, greenish gray (SM)

46.4-46.9
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.6-50.1
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-175  
Sample No.: 2
Description:

Tare Weight, (g):  49.91
172.81 (with tare)

Dry Weight After Washing (g): 151.82 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.68 99.45 100 0.68
#7 2.800 1.86 97.93 100 1.86
#10 2.000 1.17 96.98 100 1.17
#14 1.400 1.15 96.05 100 1.15
#18 1.000 0.90 95.31 90 0.81
#25 0.710 0.94 94.55 90 0.85
#35 0.500 1.11 93.65 70 0.78
#45 0.355 1.27 92.61 30 0.38
#60 0.250 2.01 90.98 10 0.20
#80 0.180 4.69 87.16 5 0.23
#120 0.125 58.49 39.57 1 0.58
#170 0.090 21.66 21.94 1 0.22
#230 0.063 5.46 17.50 1 0.05

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, few carbonate, olive 
gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-175Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, few carbonate, olive gray (SM)
49.6-50.1

Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.0-52.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-175  
Sample No.: 3
Description:

Tare Weight, (g):  50.23
194.13 (with tare)

Dry Weight After Washing (g): 170.08 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.42 99.71 100 0.42
#10 2.000 0.30 99.50 100 0.30
#14 1.400 0.47 99.17 60 0.28
#18 1.000 0.50 98.83 40 0.20
#25 0.710 0.57 98.43 30 0.17
#35 0.500 0.64 97.98 20 0.13
#45 0.355 0.71 97.49 10 0.07
#60 0.250 1.01 96.79 5 0.05
#80 0.180 3.03 94.68 2 0.06
#120 0.125 85.76 35.09 1 0.86
#170 0.090 20.15 21.08 1 0.20
#230 0.063 5.52 17.25 1 0.06

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, olive 
gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-175Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, olive gray (SM)
52.0-52.5

Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 55.0-55.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-175  
Sample No.: 4
Description:

Tare Weight, (g):  50.60
187.11 (with tare)

Dry Weight After Washing (g): 165.08 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.28 99.79 100 0.28
#7 2.800 0.87 99.16 80 0.70
#10 2.000 0.76 98.60 80 0.61
#14 1.400 1.07 97.82 70 0.75
#18 1.000 0.82 97.22 70 0.57
#25 0.710 0.78 96.64 40 0.31
#35 0.500 0.61 96.20 20 0.12
#45 0.355 0.65 95.72 5 0.03
#60 0.250 0.84 95.11 1 0.01
#80 0.180 6.65 90.24 1 0.07
#120 0.125 82.27 29.97 1 0.82
#170 0.090 13.88 19.80 1 0.14
#230 0.063 4.30 16.65 1 0.04

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, olive 
gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-175Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, olive gray (SM)
55.0-55.5

Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 57.5-58.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-175  
Sample No.: 5
Description:

Tare Weight, (g):  49.52
167.36 (with tare)

Dry Weight After Washing (g): 152.37 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.06 99.95 100 0.06
#10 2.000 0.22 99.76 100 0.22
#14 1.400 0.53 99.31 90 0.48
#18 1.000 0.75 98.68 50 0.38
#25 0.710 0.54 98.22 10 0.05
#35 0.500 0.29 97.97 10 0.03
#45 0.355 0.25 97.76 5 0.01
#60 0.250 0.41 97.41 5 0.02
#80 0.180 4.01 94.01 1 0.04
#120 0.125 72.13 32.80 1 0.72
#170 0.090 18.37 17.21 1 0.18
#230 0.063 4.61 13.30 1 0.05

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, olive 
gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-175Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, olive gray (SM)
57.5-58.0

Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.5-48.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-176  
Sample No.: 1
Description:

Tare Weight, (g):  49.67
176.79 (with tare)

Dry Weight After Washing (g): 170.64 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.54 99.58 100 0.54
#7 2.800 2.48 97.62 90 2.23
#10 2.000 1.60 96.37 80 1.28
#14 1.400 1.69 95.04 80 1.35
#18 1.000 1.36 93.97 70 0.95
#25 0.710 1.39 92.87 50 0.70
#35 0.500 2.24 91.11 30 0.67
#45 0.355 3.50 88.36 10 0.35
#60 0.250 6.03 83.61 5 0.30
#80 0.180 45.34 47.95 1 0.45
#120 0.125 40.47 16.11 1 0.40
#170 0.090 10.86 7.57 1 0.11
#230 0.063 2.95 5.25 1 0.03

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-176Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, dark 
greenish gray (SP-SM)

47.5-48.0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.5-49.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-176  
Sample No.: 2
Description:

Tare Weight, (g):  50.13
171.69 (with tare)

Dry Weight After Washing (g): 150.85 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 4.51 96.29 100 4.51
#4 4.750 0.15 96.17 50 0.08
#7 2.800 1.67 94.79 100 1.67
#10 2.000 1.09 93.90 100 1.09
#14 1.400 1.64 92.55 100 1.64
#18 1.000 1.52 91.30 90 1.37
#25 0.710 1.82 89.80 80 1.46
#35 0.500 2.50 87.74 70 1.75
#45 0.355 3.31 85.02 50 1.66
#60 0.250 4.73 81.13 30 1.42
#80 0.180 10.92 72.15 5 0.55
#120 0.125 34.49 43.77 1 0.34
#170 0.090 23.89 24.12 1 0.24
#230 0.063 6.86 18.48 1 0.07

Total Shell Content:  15 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, few coarse to medium-grained 
carbonate, trace fine gravel-size carbonate, little silt, dark greenish 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

15 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-176Boring No.

Classification
SAND, silty, mostly fine-grained quartz, few 
coarse to medium-grained carbonate, trace 

fine gravel-size carbonate, little silt, dark 
greenish gray (SM)

48.5-49.0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.5-52.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-176  
Sample No.: 3
Description:

Tare Weight, (g):  50.09
183.47 (with tare)

Dry Weight After Washing (g): 163.86 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.22 99.84 100 0.22
#10 2.000 0.08 99.78 50 0.04
#14 1.400 0.25 99.59 70 0.18
#18 1.000 0.18 99.45 50 0.09
#25 0.710 0.15 99.34 100 0.15
#35 0.500 0.25 99.15 70 0.18
#45 0.355 0.36 98.88 70 0.25
#60 0.250 0.72 98.34 40 0.29
#80 0.180 2.15 96.73 5 0.11
#120 0.125 58.87 52.59 1 0.59
#170 0.090 40.18 22.47 1 0.40
#230 0.063 8.90 15.80 1 0.09

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-176Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

51.5-52.0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 54.0-54.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-176  
Sample No.: 4
Description:

Tare Weight, (g):  50.16
173.13 (with tare)

Dry Weight After Washing (g): 151.32 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.98 100 0.02
#10 2.000 0.05 99.94 70 0.04
#14 1.400 0.18 99.80 30 0.05
#18 1.000 0.11 99.71 50 0.06
#25 0.710 0.07 99.65 80 0.06
#35 0.500 0.07 99.59 60 0.04
#45 0.355 0.13 99.49 40 0.05
#60 0.250 0.30 99.24 30 0.09
#80 0.180 1.43 98.08 5 0.07
#120 0.125 45.71 60.91 1 0.46
#170 0.090 39.52 28.77 1 0.40
#230 0.063 11.72 19.24 1 0.12

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-176Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

54.0-54.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 57.0-57.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-176  
Sample No.: 5
Description:

Tare Weight, (g):  50.00
176.61 (with tare)

Dry Weight After Washing (g): 155.29 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.05 99.96 0 0.00
#14 1.400 0.20 99.80 50 0.10
#18 1.000 0.16 99.68 20 0.03
#25 0.710 0.07 99.62 10 0.01
#35 0.500 0.08 99.56 3 0.00
#45 0.355 0.12 99.46 1 0.00
#60 0.250 0.19 99.31 1 0.00
#80 0.180 1.98 97.75 1 0.02
#120 0.125 58.90 51.23 1 0.59
#170 0.090 27.83 29.25 1 0.28
#230 0.063 13.64 18.47 1 0.14

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, olive 
gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-176Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, olive gray (SM)
57.0-57.5

Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 61.0-61.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-176  
Sample No.: 6
Description:

Tare Weight, (g):  50.40
177.59 (with tare)

Dry Weight After Washing (g): 152.17 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 100 0.02
#14 1.400 0.19 99.83 3 0.01
#18 1.000 0.11 99.75 3 0.00
#25 0.710 0.06 99.70 3 0.00
#35 0.500 0.05 99.66 1 0.00
#45 0.355 0.06 99.61 1 0.00
#60 0.250 0.10 99.54 1 0.00
#80 0.180 1.48 98.37 1 0.01
#120 0.125 51.92 57.55 1 0.52
#170 0.090 33.70 31.06 1 0.34
#230 0.063 12.15 21.50 1 0.12

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, olive 
gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-176Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, olive gray (SM)
61.0-61.5

Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.5-47.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-177  
Sample No.: 1
Description:

Tare Weight, (g):  50.30
145.81 (with tare)

Dry Weight After Washing (g): 102.42 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.38 97.51 100 2.38
#4 4.750 0.58 96.90 100 0.58
#7 2.800 0.69 96.18 100 0.69
#10 2.000 0.26 95.91 100 0.26
#14 1.400 0.44 95.45 90 0.40
#18 1.000 0.46 94.96 90 0.41
#25 0.710 0.31 94.64 80 0.25
#35 0.500 0.51 94.11 40 0.20
#45 0.355 0.90 93.16 20 0.18
#60 0.250 1.92 91.15 10 0.19
#80 0.180 11.70 78.90 3 0.35
#120 0.125 19.04 58.97 1 0.19
#170 0.090 7.78 50.82 1 0.08
#230 0.063 4.65 45.95 1 0.05

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, some silt, few carbonate, 
greenish black (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-177Boring No.

Classification
SAND, silty, mostly fine-grained quartz, 
some silt, few carbonate, greenish black 

(SM)

46.5-47.0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.0-48.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-177  
Sample No.: 2
Description:

Tare Weight, (g):  50.08
183.88 (with tare)

Dry Weight After Washing (g): 158.37 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.82 97.89 100 2.82
#4 4.750 2.95 95.69 100 2.95
#7 2.800 3.30 93.22 80 2.64
#10 2.000 2.34 91.47 70 1.64
#14 1.400 3.10 89.16 70 2.17
#18 1.000 4.04 86.14 55 2.22
#25 0.710 3.42 83.58 50 1.71
#35 0.500 5.32 79.60 50 2.66
#45 0.355 8.30 73.40 25 2.08
#60 0.250 11.73 64.63 10 1.17
#80 0.180 25.40 45.65 3 0.76
#120 0.125 26.40 25.92 1 0.26
#170 0.090 6.08 21.38 1 0.06
#230 0.063 2.38 19.60 1 0.02

Total Shell Content:  17 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little coarse to medium-grained 
carbonate, little silt, trace fine gravel-size carbonate, trace fragmented 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

17 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-177Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 
coarse to medium-grained carbonate, little 
silt, trace fine gravel-size carbonate, trace 
fragmented limestone, dark greenish gray 

(SM)

48.0-48.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.7-50.2
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-177  
Sample No.: 3
Description:

Tare Weight, (g):  49.98
172.19 (with tare)

Dry Weight After Washing (g): 153.35 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.19 99.84 100 0.19
#7 2.800 0.69 99.28 100 0.69
#10 2.000 0.24 99.08 100 0.24
#14 1.400 0.39 98.76 90 0.35
#18 1.000 0.43 98.41 70 0.30
#25 0.710 0.35 98.13 70 0.25
#35 0.500 0.31 97.87 50 0.16
#45 0.355 0.38 97.56 20 0.08
#60 0.250 0.52 97.14 15 0.08
#80 0.180 1.93 95.56 5 0.10
#120 0.125 17.26 81.43 1 0.17
#170 0.090 47.18 42.83 1 0.47
#230 0.063 30.49 17.88 1 0.30

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, olive 
gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-177Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, olive gray (SM)
49.7-50.2

Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.0-52.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-177  
Sample No.: 4
Description:

Tare Weight, (g):  50.30
180.55 (with tare)

Dry Weight After Washing (g): 150.58 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.25 99.81 100 0.25
#7 2.800 0.31 99.57 100 0.31
#10 2.000 0.23 99.39 100 0.23
#14 1.400 0.36 99.12 90 0.32
#18 1.000 0.38 98.83 70 0.27
#25 0.710 0.38 98.53 40 0.15
#35 0.500 0.65 98.03 10 0.07
#45 0.355 0.62 97.56 3 0.02
#60 0.250 0.58 97.11 1 0.01
#80 0.180 2.27 95.37 1 0.02
#120 0.125 56.03 52.35 1 0.56
#170 0.090 26.50 32.01 1 0.27
#230 0.063 10.36 24.05 1 0.10

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-177Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, dark greenish gray (SM)

52.0-52.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 54.0-54.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-177  
Sample No.: 5
Description:

Tare Weight, (g):  50.35
172.11 (with tare)

Dry Weight After Washing (g): 149.51 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.03 99.97 90 0.03
#14 1.400 0.06 99.92 80 0.05
#18 1.000 0.12 99.82 30 0.04
#25 0.710 0.13 99.71 10 0.01
#35 0.500 0.20 99.55 5 0.01
#45 0.355 0.24 99.35 3 0.01
#60 0.250 0.25 99.15 3 0.01
#80 0.180 1.53 97.89 3 0.05
#120 0.125 52.61 54.68 1 0.53
#170 0.090 30.01 30.03 1 0.30
#230 0.063 11.88 20.28 1 0.12

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, olive gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-177Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, olive gray (SM)

54.0-54.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.3-46.8
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-178  
Sample No.: 1
Description:

Tare Weight, (g):  50.52
175.79 (with tare)

Dry Weight After Washing (g): 167.78 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 5.05 95.97 100 5.05
#4 4.750 1.03 95.15 100 1.03
#7 2.800 0.47 94.77 100 0.47
#10 2.000 0.65 94.25 100 0.65
#14 1.400 0.65 93.73 80 0.52
#18 1.000 0.73 93.15 80 0.58
#25 0.710 0.67 92.62 65 0.44
#35 0.500 1.25 91.62 60 0.75
#45 0.355 2.32 89.77 25 0.58
#60 0.250 5.14 85.66 10 0.51
#80 0.180 30.83 61.05 1 0.31
#120 0.125 54.44 17.59 1 0.54
#170 0.090 10.92 8.88 1 0.11
#230 0.063 2.36 6.99 1 0.02

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, trace fragmented limestone, dark gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-178Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, trace 
fragmented limestone, dark gray (SP-SM)

46.3-46.8
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.5-49.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-178  
Sample No.: 2
Description:

Tare Weight, (g):  50.22
169.99 (with tare)

Dry Weight After Washing (g): 159.07 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.31 99.74 100 0.31
#7 2.800 0.09 99.67 100 0.09
#10 2.000 0.13 99.56 90 0.12
#14 1.400 0.11 99.47 40 0.04
#18 1.000 0.09 99.39 40 0.04
#25 0.710 0.20 99.22 30 0.06
#35 0.500 0.25 99.01 25 0.06
#45 0.355 0.26 98.80 20 0.05
#60 0.250 0.70 98.21 15 0.11
#80 0.180 4.62 94.36 5 0.23
#120 0.125 75.88 31.00 1 0.76
#170 0.090 20.77 13.66 1 0.21
#230 0.063 4.98 9.50 1 0.05

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-178Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

dark greenish gray (SP-SM)

48.5-49.0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.5-51.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-178  
Sample No.: 3
Description:

Tare Weight, (g):  50.20
170.73 (with tare)

Dry Weight After Washing (g): 161.2 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 3.02 97.49 100 3.02
#4 4.750 3.28 94.77 100 3.28
#7 2.800 1.35 93.65 100 1.35
#10 2.000 0.84 92.96 100 0.84
#14 1.400 0.93 92.18 90 0.84
#18 1.000 1.13 91.25 70 0.79
#25 0.710 1.09 90.34 60 0.65
#35 0.500 2.13 88.58 30 0.64
#45 0.355 3.58 85.61 10 0.36
#60 0.250 6.60 80.13 3 0.20
#80 0.180 19.51 63.94 3 0.59
#120 0.125 51.01 21.62 1 0.51
#170 0.090 12.89 10.93 1 0.13
#230 0.063 2.90 8.52 1 0.03

Total Shell Content:  11 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, trace fragmented limestone, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

11 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-178Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, trace 
fragmented limestone, dark greenish gray 

(SP-SM)

50.5-51.0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.0-52.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-178  
Sample No.: 4
Description:

Tare Weight, (g):  50.16
178.2 (with tare)

Dry Weight After Washing (g): 169.57 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 100 0.02
#14 1.400 0.22 99.81 70 0.15
#18 1.000 0.28 99.59 65 0.18
#25 0.710 0.30 99.36 50 0.15
#35 0.500 0.73 98.79 50 0.37
#45 0.355 2.54 96.81 20 0.51
#60 0.250 8.63 90.07 3 0.26
#80 0.180 40.73 58.26 1 0.41
#120 0.125 52.55 17.21 1 0.53
#170 0.090 10.45 9.05 1 0.10
#230 0.063 2.43 7.15 1 0.02

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, dark greenish gray (SP-

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-178Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, dark greenish 
gray (SP-SM)

52.0-52.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 54.5-55.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-178  
Sample No.: 5
Description:

Tare Weight, (g):  50.53
175.82 (with tare)

Dry Weight After Washing (g): 171.51 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.04 99.97 100 0.04
#10 2.000 0.04 99.94 100 0.04
#14 1.400 0.15 99.82 100 0.15
#18 1.000 0.18 99.67 90 0.16
#25 0.710 0.29 99.44 80 0.23
#35 0.500 1.18 98.50 75 0.89
#45 0.355 3.22 95.93 20 0.64
#60 0.250 8.91 88.82 3 0.27
#80 0.180 47.89 50.59 1 0.48
#120 0.125 48.97 11.51 1 0.49
#170 0.090 8.44 4.77 1 0.08
#230 0.063 1.48 3.59 1 0.01

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, dark 
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, dark greenish gray 
(SP)

54.5-55.0 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-178Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 57.0-57.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-178  
Sample No.: 6
Description:

Tare Weight, (g):  50.34
175.62 (with tare)

Dry Weight After Washing (g): 171.75 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.13 99.90 100 0.13
#7 2.800 0.29 99.66 100 0.29
#10 2.000 0.76 99.06 90 0.68
#14 1.400 1.42 97.92 70 0.99
#18 1.000 2.54 95.90 70 1.78
#25 0.710 3.58 93.04 50 1.79
#35 0.500 7.69 86.90 20 1.54
#45 0.355 14.03 75.70 10 1.40
#60 0.250 19.31 60.29 5 0.97
#80 0.180 34.37 32.85 3 1.03
#120 0.125 28.53 10.08 1 0.29
#170 0.090 6.68 4.75 1 0.07
#230 0.063 1.39 3.64 1 0.01

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, olive 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, olive gray (SP)
57.0-57.5 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-178Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 60.0-60.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-178  
Sample No.: 7
Description:

Tare Weight, (g):  49.46
176.61 (with tare)

Dry Weight After Washing (g): 174.34 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.04 99.97 100 0.04
#7 2.800 0.21 99.80 100 0.21
#10 2.000 0.27 99.59 100 0.27
#14 1.400 0.44 99.24 70 0.31
#18 1.000 1.05 98.42 65 0.68
#25 0.710 2.63 96.35 5 0.13
#35 0.500 12.69 86.37 3 0.38
#45 0.355 19.39 71.12 1 0.19
#60 0.250 16.03 58.51 1 0.16
#80 0.180 36.61 29.72 1 0.37
#120 0.125 27.83 7.83 1 0.28
#170 0.090 6.17 2.98 1 0.06
#230 0.063 1.16 2.07 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, trace 
carbonate, trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project7 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-178Boring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, trace carbonate, trace 
fragmented limestone, gray (SP)

60.0-60.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 62.5-63.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-178  
Sample No.: 8
Description:

Tare Weight, (g):  50.01
176.66 (with tare)

Dry Weight After Washing (g): 172.86 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.05 99.96 50 0.03
#18 1.000 0.05 99.92 5 0.00
#25 0.710 0.04 99.89 3 0.00
#35 0.500 0.08 99.83 1 0.00
#45 0.355 0.18 99.68 1 0.00
#60 0.250 0.63 99.19 1 0.01
#80 0.180 26.16 78.53 1 0.26
#120 0.125 80.59 14.90 1 0.81
#170 0.090 12.76 4.82 1 0.13
#230 0.063 2.30 3.01 1 0.02

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, gray (SP)

62.5-63.0 Project8 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-178Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.0-46.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-179  
Sample No.: 1
Description:

Tare Weight, (g):  49.98
162.54 (with tare)

Dry Weight After Washing (g): 142.3 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.13 99.00 100 1.13
#7 2.800 2.08 97.15 80 1.66
#10 2.000 2.42 95.00 80 1.94
#14 1.400 3.55 91.84 70 2.49
#18 1.000 4.73 87.64 65 3.07
#25 0.710 4.59 83.56 60 2.75
#35 0.500 5.01 79.11 60 3.01
#45 0.355 4.58 75.04 40 1.83
#60 0.250 5.89 69.81 20 1.18
#80 0.180 18.88 53.04 5 0.94
#120 0.125 28.91 27.35 3 0.87
#170 0.090 7.67 20.54 1 0.08
#230 0.063 2.58 18.25 1 0.03

Total Shell Content:  19 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little coarse to medium-grained 
carbonate, little silt, trace fragmented limestone, dark greenish gray 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

19 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-179Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 
coarse to medium-grained carbonate, little 

silt, trace fragmented limestone, dark 
greenish gray (SM)

46.0-46.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.0-48.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-179  
Sample No.: 2
Description:

Tare Weight, (g):  49.46
176.44 (with tare)

Dry Weight After Washing (g): 152.35 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.77 98.61 100 1.77
#7 2.800 3.04 96.21 90 2.74
#10 2.000 2.16 94.51 90 1.94
#14 1.400 2.28 92.72 70 1.60
#18 1.000 2.63 90.64 65 1.71
#25 0.710 2.32 88.82 60 1.39
#35 0.500 3.07 86.40 60 1.84
#45 0.355 3.35 83.76 20 0.67
#60 0.250 4.29 80.38 15 0.64
#80 0.180 11.71 71.16 3 0.35
#120 0.125 47.00 34.15 1 0.47
#170 0.090 14.04 23.09 1 0.14
#230 0.063 4.15 19.82 1 0.04

Total Shell Content:  12 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, few carbonate, trace 
fragmented limestone, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

12 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-179Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, few carbonate, trace fragmented 
limestone, dark greenish gray (SM)

48.0-48.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.4-49.9
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-179  
Sample No.: 3
Description:

Tare Weight, (g):  49.69
169.31 (with tare)

Dry Weight After Washing (g): 154.92 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.08 99.93 90 0.07
#14 1.400 0.19 99.77 60 0.11
#18 1.000 0.14 99.66 30 0.04
#25 0.710 0.17 99.52 20 0.03
#35 0.500 0.21 99.34 5 0.01
#45 0.355 0.34 99.06 3 0.01
#60 0.250 0.72 98.45 1 0.01
#80 0.180 12.42 88.07 1 0.12
#120 0.125 70.66 29.00 1 0.71
#170 0.090 15.28 16.23 1 0.15
#230 0.063 4.11 12.79 1 0.04

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace limestone fragmentes, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-179Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace limestone fragmentes, olive gray (SP-
SM)

49.4-49.9
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.5-52.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-179  
Sample No.: 4
Description:

Tare Weight, (g):  50.60
166.02 (with tare)

Dry Weight After Washing (g): 150.99 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.07 99.94 100 0.07
#7 2.800 0.32 99.66 100 0.32
#10 2.000 0.25 99.45 80 0.20
#14 1.400 0.38 99.12 60 0.23
#18 1.000 0.45 98.73 40 0.18
#25 0.710 0.38 98.40 25 0.10
#35 0.500 0.59 97.89 10 0.06
#45 0.355 0.64 97.33 5 0.03
#60 0.250 1.12 96.36 3 0.03
#80 0.180 9.01 88.55 1 0.09
#120 0.125 66.43 31.00 1 0.66
#170 0.090 15.20 17.83 1 0.15
#230 0.063 4.52 13.91 1 0.05

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, olive gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-179Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, olive gray (SM)

51.5-52.0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 53.0-53.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-179  
Sample No.: 5
Description:

Tare Weight, (g):  50.33
167.94 (with tare)

Dry Weight After Washing (g): 152 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.24 99.80 100 0.24
#7 2.800 0.62 99.27 100 0.62
#10 2.000 0.47 98.87 100 0.47
#14 1.400 0.71 98.27 65 0.46
#18 1.000 0.85 97.54 60 0.51
#25 0.710 0.78 96.88 30 0.23
#35 0.500 1.12 95.93 25 0.28
#45 0.355 1.25 94.86 15 0.19
#60 0.250 1.66 93.45 10 0.17
#80 0.180 5.77 88.55 3 0.17
#120 0.125 60.38 37.21 1 0.60
#170 0.090 20.72 19.59 1 0.21
#230 0.063 5.60 14.83 1 0.06

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, olive gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-179Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, olive gray (SM)

53.0-53.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.2-44.7
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-180  
Sample No.: 1
Description:

Tare Weight, (g):  50.00
171.02 (with tare)

Dry Weight After Washing (g): 155.34 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.17 99.03 100 1.17
#4 4.750 6.83 93.39 100 6.83
#7 2.800 10.25 84.92 100 10.25
#10 2.000 6.45 79.59 100 6.45
#14 1.400 5.37 75.15 98 5.26
#18 1.000 4.40 71.52 98 4.31
#25 0.710 3.16 68.91 95 3.00
#35 0.500 4.12 65.50 80 3.30
#45 0.355 4.51 61.77 45 2.03
#60 0.250 6.02 56.80 10 0.60
#80 0.180 19.46 40.72 3 0.58
#120 0.125 26.82 18.56 1 0.27
#170 0.090 5.36 14.13 1 0.05
#230 0.063 1.29 13.06 1 0.01

Total Shell Content:  36 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, some coarse to medium-
grained carbonate, few fine gravel-size carbonate, few silt, trace 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

36 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-180Boring No.

Classification
SAND, silty, mostly fine-grained quartz, 

some coarse to medium-grained carbonate, 
few fine gravel-size carbonate, few silt, 

trace fragmented limestone, dark greenish 
gray (SM)

44.2-44.7
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.0-46.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-180  
Sample No.: 2
Description:

Tare Weight, (g):  48.43
162.59 (with tare)

Dry Weight After Washing (g): 139.24 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 4.21 96.31 100 4.21
#7 2.800 7.11 90.08 100 7.11
#10 2.000 4.51 86.13 90 4.06
#14 1.400 3.29 83.25 90 2.96
#18 1.000 3.05 80.58 70 2.14
#25 0.710 2.87 78.07 65 1.87
#35 0.500 3.92 74.63 60 2.35
#45 0.355 4.52 70.67 50 2.26
#60 0.250 6.25 65.20 30 1.88
#80 0.180 15.50 51.62 3 0.47
#120 0.125 27.08 27.90 1 0.27
#170 0.090 6.56 22.15 1 0.07
#230 0.063 1.50 20.84 1 0.02

Total Shell Content:  26 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little coarse to medium-grained 
carbonate, little silt, few fragmented limestone, trace fine gravel-size 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

26 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-180Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 
coarse to medium-grained carbonate, little 
silt, few fragmented limestone, trace fine 

gravel-size carbonate, olive gray (SM)

46.0-46.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.2-47.7
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-180  
Sample No.: 3
Description:

Tare Weight, (g):  48.90
169.66 (with tare)

Dry Weight After Washing (g): 159.29 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.13 99.89 100 0.13
#7 2.800 0.00 99.89 0 0.00
#10 2.000 0.01 99.88 100 0.01
#14 1.400 0.11 99.79 100 0.11
#18 1.000 0.10 99.71 20 0.02
#25 0.710 0.06 99.66 10 0.01
#35 0.500 0.17 99.52 3 0.01
#45 0.355 0.27 99.30 1 0.00
#60 0.250 1.10 98.39 1 0.01
#80 0.180 6.79 92.76 1 0.07
#120 0.125 73.36 32.01 1 0.73
#170 0.090 20.20 15.29 1 0.20
#230 0.063 5.92 10.38 1 0.06

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-180Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, olive gray (SP-
SM)

47.2-47.7
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.0-49.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-180  
Sample No.: 4
Description:

Tare Weight, (g):  49.87
172.81 (with tare)

Dry Weight After Washing (g): 159.42 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.06 99.95 100 0.06
#10 2.000 0.02 99.93 60 0.01
#14 1.400 0.10 99.85 20 0.02
#18 1.000 0.15 99.73 10 0.02
#25 0.710 0.12 99.63 10 0.01
#35 0.500 0.25 99.43 3 0.01
#45 0.355 0.43 99.08 1 0.00
#60 0.250 1.20 98.10 1 0.01
#80 0.180 5.50 93.63 1 0.06
#120 0.125 67.96 38.35 1 0.68
#170 0.090 23.71 19.07 1 0.24
#230 0.063 7.84 12.69 1 0.08

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-180Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, olive gray (SP-
SM)

49.0-49.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.0-44.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-181  
Sample No.: 1
Description:

Tare Weight, (g):  49.42
174.07 (with tare)

Dry Weight After Washing (g): 164.3 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 2.13 98.29 100 2.13
#7 2.800 1.47 97.11 100 1.47
#10 2.000 0.89 96.40 90 0.80
#14 1.400 0.96 95.63 80 0.77
#18 1.000 0.90 94.91 70 0.63
#25 0.710 0.82 94.25 15 0.12
#35 0.500 1.57 92.99 10 0.16
#45 0.355 2.36 91.10 5 0.12
#60 0.250 4.14 87.77 3 0.12
#80 0.180 22.89 69.41 1 0.23
#120 0.125 57.58 23.22 1 0.58
#170 0.090 14.11 11.90 1 0.14
#230 0.063 4.22 8.51 1 0.04

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few 
carbonate, few silt, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

6 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-181Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few carbonate, few silt, dark 
greenish gray (SP-SM)

44.0-44.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.0-46.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-181  
Sample No.: 2
Description:

Tare Weight, (g):  50.14
178.05 (with tare)

Dry Weight After Washing (g): 155.15 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.39 98.91 100 1.39
#7 2.800 0.39 98.61 100 0.39
#10 2.000 0.88 97.92 90 0.79
#14 1.400 1.58 96.69 65 1.03
#18 1.000 2.83 94.47 60 1.70
#25 0.710 4.10 91.27 30 1.23
#35 0.500 12.01 81.88 25 3.00
#45 0.355 14.40 70.62 10 1.44
#60 0.250 7.26 64.94 3 0.22
#80 0.180 14.02 53.98 1 0.14
#120 0.125 29.98 30.54 1 0.30
#170 0.090 11.51 21.55 1 0.12
#230 0.063 4.28 18.20 1 0.04

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, silty, mostly medium to fine-grained quartz, little silt, few 
carbonate, trace fragmented limestone, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-181Boring No.

Classification
SAND, silty, mostly medium to fine-grained 

quartz, little silt, few carbonate, trace 
fragmented limestone, dark greenish gray 

(SM)

46.0-46.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.0-48.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-181  
Sample No.: 3
Description:

Tare Weight, (g):  50.55
179.21 (with tare)

Dry Weight After Washing (g): 161.2 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.40 99.69 80 0.32
#10 2.000 0.24 99.50 60 0.14
#14 1.400 0.34 99.24 60 0.20
#18 1.000 0.23 99.06 50 0.12
#25 0.710 0.14 98.95 40 0.06
#35 0.500 0.23 98.77 20 0.05
#45 0.355 0.27 98.56 5 0.01
#60 0.250 0.63 98.07 3 0.02
#80 0.180 22.43 80.64 1 0.22
#120 0.125 70.37 25.94 1 0.70
#170 0.090 10.11 18.09 1 0.10
#230 0.063 4.54 14.56 1 0.05

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, olive 
gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-181Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, olive gray (SM)
48.0-48.5

Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.0-50.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-181  
Sample No.: 4
Description:

Tare Weight, (g):  50.39
170.42 (with tare)

Dry Weight After Washing (g): 157.41 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.10 99.92 25 0.03
#10 2.000 0.07 99.86 60 0.04
#14 1.400 0.23 99.67 40 0.09
#18 1.000 0.10 99.58 25 0.03
#25 0.710 0.06 99.53 20 0.01
#35 0.500 0.13 99.43 20 0.03
#45 0.355 0.24 99.23 10 0.02
#60 0.250 0.47 98.83 3 0.01
#80 0.180 11.34 89.39 1 0.11
#120 0.125 77.76 24.60 1 0.78
#170 0.090 12.26 14.39 1 0.12
#230 0.063 3.07 11.83 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-181Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

olive gray (SP-SM)

50.0-50.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.7-45.2
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-182  
Sample No.: 1
Description:

Tare Weight, (g):  50.25
178.12 (with tare)

Dry Weight After Washing (g): 175.14 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.68 99.47 25 0.17
#7 2.800 1.18 98.55 85 1.00
#10 2.000 1.12 97.67 70 0.78
#14 1.400 1.72 96.32 70 1.20
#18 1.000 1.82 94.90 60 1.09
#25 0.710 1.71 93.56 45 0.77
#35 0.500 2.92 91.28 30 0.88
#45 0.355 5.91 86.66 15 0.89
#60 0.250 13.06 76.44 5 0.65
#80 0.180 44.41 41.71 3 1.33
#120 0.125 42.46 8.51 1 0.42
#170 0.090 6.67 3.29 1 0.07
#230 0.063 0.97 2.53 1 0.01

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, few 
fragmented limestone, olive gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, few fragmented 
limestone, olive gray (SP)

44.7-45.2 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-182Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.0-46.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-182  
Sample No.: 2
Description:

Tare Weight, (g):  49.32
173.39 (with tare)

Dry Weight After Washing (g): 171.03 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 2.57 97.93 60 1.54
#7 2.800 4.86 94.01 70 3.40
#10 2.000 3.09 91.52 55 1.70
#14 1.400 4.01 88.29 40 1.60
#18 1.000 3.47 85.49 40 1.39
#25 0.710 2.42 83.54 30 0.73
#35 0.500 2.80 81.28 25 0.70
#45 0.355 4.54 77.63 20 0.91
#60 0.250 8.56 70.73 5 0.43
#80 0.180 34.71 42.75 3 1.04
#120 0.125 41.78 9.08 1 0.42
#170 0.090 7.62 2.93 1 0.08
#230 0.063 0.97 2.15 1 0.01

Total Shell Content:  11 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

11
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, gray (SP)

46.0-46.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-182Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.0-47.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-182  
Sample No.: 3
Description:

Tare Weight, (g):  50.12
177.51 (with tare)

Dry Weight After Washing (g): 164.44 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.06 99.95 100 0.06
#14 1.400 0.27 99.73 70 0.19
#18 1.000 0.26 99.53 65 0.17
#25 0.710 0.28 99.31 60 0.17
#35 0.500 0.42 98.98 25 0.11
#45 0.355 0.71 98.42 5 0.04
#60 0.250 1.57 97.19 3 0.05
#80 0.180 14.31 85.96 1 0.14
#120 0.125 78.30 24.49 1 0.78
#170 0.090 13.49 13.90 1 0.13
#230 0.063 3.45 11.19 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-182Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, olive gray (SP-
SM)

47.0-47.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.0-49.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-182  
Sample No.: 4
Description:

Tare Weight, (g):  50.26
162.97 (with tare)

Dry Weight After Washing (g): 151.81 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.08 99.93 0 0.00
#14 1.400 0.16 99.79 0 0.00
#18 1.000 0.08 99.72 0 0.00
#25 0.710 0.10 99.63 0 0.00
#35 0.500 0.09 99.55 0 0.00
#45 0.355 0.14 99.42 0 0.00
#60 0.250 0.62 98.87 0 0.00
#80 0.180 6.67 92.96 0 0.00
#120 0.125 76.15 25.39 0 0.00
#170 0.090 13.18 13.70 0 0.00
#230 0.063 3.43 10.66 0 0.00

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, olive 
gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-182Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, olive gray (SP-SM)

49.0-49.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.7-46.2
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-183  
Sample No.: 1
Description:

Tare Weight, (g):  50.65
177.87 (with tare)

Dry Weight After Washing (g): 164.08 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.13 99.90 100 0.13
#7 2.800 0.00 99.90 0 0.00
#10 2.000 0.01 99.89 100 0.01
#14 1.400 0.03 99.87 100 0.03
#18 1.000 0.04 99.83 50 0.02
#25 0.710 0.04 99.80 10 0.00
#35 0.500 0.07 99.75 3 0.00
#45 0.355 0.20 99.59 3 0.01
#60 0.250 0.59 99.13 1 0.01
#80 0.180 4.63 95.49 1 0.05
#120 0.125 75.37 36.24 1 0.75
#170 0.090 21.96 18.98 1 0.22
#230 0.063 7.69 12.94 1 0.08

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-183Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

olive gray (SP-SM)

45.7-46.2
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.0-48.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-183  
Sample No.: 2
Description:

Tare Weight, (g):  50.24
173.57 (with tare)

Dry Weight After Washing (g): 156.3 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.03 99.98 0 0.00
#14 1.400 0.14 99.86 5 0.01
#18 1.000 0.13 99.76 0 0.00
#25 0.710 0.10 99.68 0 0.00
#35 0.500 0.21 99.51 3 0.01
#45 0.355 0.24 99.31 1 0.00
#60 0.250 0.80 98.66 1 0.01
#80 0.180 4.02 95.40 0 0.00
#120 0.125 66.96 41.11 0 0.00
#170 0.090 23.53 22.03 0 0.00
#230 0.063 8.48 15.15 0 0.00

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, olive gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-183Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, olive gray (SM)
48.0-48.5

Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.5-50.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-183  
Sample No.: 3
Description:

Tare Weight, (g):  50.87
169.4 (with tare)

Dry Weight After Washing (g): 153.16 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.03 99.97 0 0.00
#18 1.000 0.07 99.92 60 0.04
#25 0.710 0.03 99.89 20 0.01
#35 0.500 0.02 99.87 5 0.00
#45 0.355 0.05 99.83 3 0.00
#60 0.250 0.07 99.77 1 0.00
#80 0.180 3.03 97.22 1 0.03
#120 0.125 54.33 51.38 1 0.54
#170 0.090 29.98 26.09 1 0.30
#230 0.063 10.89 16.90 1 0.11

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, olive 
gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-183Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, olive gray (SM)
49.5-50.0

Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.1-47.6
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-184  
Sample No.: 1
Description:

Tare Weight, (g):  50.03
170.81 (with tare)

Dry Weight After Washing (g): 151.53 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.47 99.61 100 0.47
#7 2.800 0.80 98.95 90 0.72
#10 2.000 0.61 98.44 80 0.49
#14 1.400 0.74 97.83 60 0.44
#18 1.000 0.75 97.21 60 0.45
#25 0.710 0.59 96.72 50 0.30
#35 0.500 1.37 95.59 20 0.27
#45 0.355 3.65 92.56 10 0.37
#60 0.250 6.49 87.19 3 0.19
#80 0.180 22.07 68.92 1 0.22
#120 0.125 36.23 38.92 1 0.36
#170 0.090 17.14 24.73 1 0.17
#230 0.063 8.49 17.70 1 0.08

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

47.1-47.6 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-184Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.3-50.8
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-184  
Sample No.: 2
Description:

Tare Weight, (g):  50.28
155.26 (with tare)

Dry Weight After Washing (g): 109.18 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 0 0.00
#14 1.400 0.10 99.89 10 0.01
#18 1.000 0.26 99.64 35 0.09
#25 0.710 0.04 99.60 20 0.01
#35 0.500 0.04 99.56 10 0.00
#45 0.355 0.06 99.50 10 0.01
#60 0.250 0.11 99.40 3 0.00
#80 0.180 0.84 98.60 1 0.01
#120 0.125 12.53 86.66 1 0.13
#170 0.090 23.31 64.46 1 0.23
#230 0.063 17.37 47.91 1 0.17

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-184Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, dark greenish 

gray (SC)

50.3-50.8
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.3-51.8
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-184  
Sample No.: 3
Description:

Tare Weight, (g):  50.41
159.82 (with tare)

Dry Weight After Washing (g): 121.72 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 0 0.00
#14 1.400 0.09 99.90 20 0.02
#18 1.000 0.11 99.80 10 0.01
#25 0.710 0.07 99.73 15 0.01
#35 0.500 0.08 99.66 20 0.02
#45 0.355 0.09 99.58 5 0.00
#60 0.250 0.24 99.36 3 0.01
#80 0.180 1.78 97.73 1 0.02
#120 0.125 17.01 82.19 1 0.17
#170 0.090 26.52 57.95 1 0.27
#230 0.063 20.05 39.62 1 0.20

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, some silt, trace carbonate, very 
dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-184Boring No.

Classification
SAND, silty, mostly fine-grained quartz, 

some silt, trace carbonate, very dark 
greenish gray (SM)

51.3-51.8
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 54.0-54.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-184  
Sample No.: 4
Description:

Tare Weight, (g):  50.48
142.09 (with tare)

Dry Weight After Washing (g): 97.99 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.77 99.16 100 0.77
#7 2.800 0.01 99.15 0 0.00
#10 2.000 0.04 99.10 30 0.01
#14 1.400 0.28 98.80 5 0.01
#18 1.000 0.19 98.59 3 0.01
#25 0.710 0.07 98.52 3 0.00
#35 0.500 0.09 98.42 3 0.00
#45 0.355 0.15 98.25 3 0.00
#60 0.250 0.16 98.08 1 0.00
#80 0.180 0.90 97.10 1 0.01
#120 0.125 11.42 84.63 1 0.11
#170 0.090 17.96 65.03 1 0.18
#230 0.063 12.73 51.13 1 0.13

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SILT, inorganic-H, some fine-grained quartz sand, trace carbonate, very 
dark greenish gray (MH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-184Boring No.

Classification
SILT, inorganic-H, some fine-grained quartz 
sand, trace carbonate, very dark greenish 

gray (MH)

54.0-54.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 54.7-55.2
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-184  
Sample No.: 5
Description:

Tare Weight, (g):  49.79
167.04 (with tare)

Dry Weight After Washing (g): 143.31 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.04 99.96 100 0.04
#14 1.400 0.05 99.91 20 0.01
#18 1.000 0.13 99.80 15 0.02
#25 0.710 0.08 99.74 25 0.02
#35 0.500 0.04 99.70 30 0.01
#45 0.355 0.05 99.66 30 0.02
#60 0.250 0.16 99.52 40 0.06
#80 0.180 1.76 98.02 25 0.44
#120 0.125 36.78 66.65 1 0.37
#170 0.090 32.77 38.70 1 0.33
#230 0.063 17.61 23.68 1 0.18

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-184Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

54.7-55.2
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 58.0-58.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-184  
Sample No.: 6
Description:

Tare Weight, (g):  50.49
172.79 (with tare)

Dry Weight After Washing (g): 157.41 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.98 100 0.02
#10 2.000 0.02 99.97 0 0.00
#14 1.400 0.06 99.92 20 0.01
#18 1.000 0.19 99.76 15 0.03
#25 0.710 0.11 99.67 10 0.01
#35 0.500 0.11 99.58 15 0.02
#45 0.355 0.10 99.50 3 0.00
#60 0.250 0.17 99.36 3 0.01
#80 0.180 5.84 94.59 1 0.06
#120 0.125 73.29 34.66 1 0.73
#170 0.090 19.54 18.68 1 0.20
#230 0.063 6.54 13.34 1 0.07

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, few silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-184Boring No.

Classification
SAND, silty, mostly fine-grained quartz, few 

silt, trace carbonate, dark greenish gray 
(SM)

58.0-58.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 63.0-63.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-184  
Sample No.: 7
Description:

Tare Weight, (g):  48.26
162.51 (with tare)

Dry Weight After Washing (g): 134.38 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.01 99.99 0 0.00
#14 1.400 0.06 99.94 10 0.01
#18 1.000 0.13 99.82 10 0.01
#25 0.710 0.03 99.80 20 0.01
#35 0.500 0.05 99.75 5 0.00
#45 0.355 0.05 99.71 5 0.00
#60 0.250 0.16 99.57 3 0.00
#80 0.180 3.42 96.58 1 0.03
#120 0.125 49.41 53.33 1 0.49
#170 0.090 22.12 33.97 1 0.22
#230 0.063 9.44 25.71 1 0.09

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project7 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-184Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

63.0-63.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 65.3-65.8
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-184  
Sample No.: 8
Description:

Tare Weight, (g):  50.01
164.08 (with tare)

Dry Weight After Washing (g): 146.55 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.02 99.98 0 0.00
#18 1.000 0.04 99.95 5 0.00
#25 0.710 0.04 99.91 30 0.01
#35 0.500 0.05 99.87 30 0.02
#45 0.355 0.06 99.82 10 0.01
#60 0.250 0.08 99.75 5 0.00
#80 0.180 7.00 93.61 3 0.21
#120 0.125 63.52 37.92 1 0.64
#170 0.090 18.76 21.48 1 0.19
#230 0.063 6.34 15.92 1 0.06

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project8 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-184Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

65.3-65.8
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.5-47.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-185  
Sample No.: 1
Description:

Tare Weight, (g):  50.12
152.83 (with tare)

Dry Weight After Washing (g): 151.78 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.54 99.47 100 0.54
#7 2.800 0.84 98.66 100 0.84
#10 2.000 0.59 98.08 90 0.53
#14 1.400 0.49 97.60 85 0.42
#18 1.000 0.50 97.12 85 0.43
#25 0.710 0.50 96.63 80 0.40
#35 0.500 2.19 94.50 20 0.44
#45 0.355 5.01 89.62 10 0.50
#60 0.250 8.73 81.12 3 0.26
#80 0.180 38.33 43.80 1 0.38
#120 0.125 37.28 7.51 1 0.37
#170 0.090 5.65 2.01 1 0.06
#230 0.063 0.83 1.20 1 0.01

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, dark 
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, dark greenish gray 

(SP)

46.5-47.0 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-185Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.5-49.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-185  
Sample No.: 2
Description:

Tare Weight, (g):  50.25
178.91 (with tare)

Dry Weight After Washing (g): 164.47 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.49 98.84 100 1.49
#7 2.800 0.81 98.21 100 0.81
#10 2.000 0.70 97.67 100 0.70
#14 1.400 0.99 96.90 90 0.89
#18 1.000 1.22 95.95 85 1.04
#25 0.710 1.11 95.09 75 0.83
#35 0.500 1.66 93.80 55 0.91
#45 0.355 2.62 91.76 40 1.05
#60 0.250 4.13 88.55 20 0.83
#80 0.180 25.48 68.75 3 0.76
#120 0.125 58.97 22.91 1 0.59
#170 0.090 11.89 13.67 1 0.12
#230 0.063 2.55 11.69 1 0.03

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, trace fragmented limestone, greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-185Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, trace 
fragmented limestone, greenish gray (SP-

SM)

48.5-49.0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.0-51.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-185  
Sample No.: 3
Description:

Tare Weight, (g):  50.64
165.63 (with tare)

Dry Weight After Washing (g): 149.26 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.61 99.47 100 0.61
#7 2.800 0.50 99.03 100 0.50
#10 2.000 0.39 98.70 100 0.39
#14 1.400 0.39 98.36 100 0.39
#18 1.000 0.55 97.88 90 0.50
#25 0.710 0.46 97.48 75 0.35
#35 0.500 0.57 96.98 70 0.40
#45 0.355 0.64 96.43 60 0.38
#60 0.250 1.24 95.35 60 0.74
#80 0.180 6.03 90.10 40 2.41
#120 0.125 58.63 39.12 3 1.76
#170 0.090 21.33 20.57 1 0.21
#230 0.063 6.31 15.08 1 0.06

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, few carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-185Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 
silt, few carbonate, dark greenish gray (SM)

51.0-51.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 53.0-53.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-185  
Sample No.: 4
Description:

Tare Weight, (g):  49.90
143.82 (with tare)

Dry Weight After Washing (g): 96.59 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.18 99.81 100 0.18
#7 2.800 0.06 99.74 20 0.01
#10 2.000 0.18 99.55 20 0.04
#14 1.400 0.07 99.48 20 0.01
#18 1.000 0.08 99.39 60 0.05
#25 0.710 0.09 99.30 40 0.04
#35 0.500 0.05 99.24 30 0.02
#45 0.355 0.18 99.05 5 0.01
#60 0.250 0.87 98.13 3 0.03
#80 0.180 5.21 92.58 1 0.05
#120 0.125 14.07 77.60 1 0.14
#170 0.090 21.95 54.23 1 0.22
#230 0.063 4.03 49.94 1 0.04

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, some silt, trace carbonate, dark
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-185Boring No.

Classification
SAND, silty, mostly fine-grained quartz, 

some silt, trace carbonate, dark greenish 
gray (SM)

53.0-53.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 55.0-55.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-185  
Sample No.: 5
Description:

Tare Weight, (g):  50.21
126.93 (with tare)

Dry Weight After Washing (g): 64.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.01 99.99 0 0.00
#14 1.400 0.05 99.92 0 0.00
#18 1.000 0.16 99.71 0 0.00
#25 0.710 0.04 99.66 0 0.00
#35 0.500 0.04 99.61 3 0.00
#45 0.355 0.02 99.58 3 0.00
#60 0.250 0.14 99.40 1 0.00
#80 0.180 0.29 99.02 1 0.00
#120 0.125 1.48 97.09 1 0.01
#170 0.090 2.80 93.44 1 0.03
#230 0.063 8.52 82.34 1 0.09

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, little fine-grained quartz sand, very dark greenish 
gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
CLAY, inorganic-H, little fine-grained quartz 

sand, very dark greenish gray (CH)
55.0-55.5 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-185Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 58.0-58.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-185  
Sample No.: 6
Description:

Tare Weight, (g):  50.03
122.82 (with tare)

Dry Weight After Washing (g): 61.92 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.01 99.99 0 0.00
#14 1.400 0.12 99.82 0 0.00
#18 1.000 0.13 99.64 0 0.00
#25 0.710 0.04 99.59 3 0.00
#35 0.500 0.05 99.52 3 0.00
#45 0.355 0.04 99.46 3 0.00
#60 0.250 0.06 99.38 1 0.00
#80 0.180 0.20 99.11 1 0.00
#120 0.125 1.20 97.46 1 0.01
#170 0.090 2.78 93.64 1 0.03
#230 0.063 6.64 84.52 1 0.07

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, little fine-grained quartz sand, dark greenish gray 
(CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
CLAY, inorganic-H, little fine-grained quartz 

sand, dark greenish gray (CH)
58.0-58.5 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-185Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 61.0-61.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-185  
Sample No.: 7
Description:

Tare Weight, (g):  50.06
164.78 (with tare)

Dry Weight After Washing (g): 140.97 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.14 99.88 80 0.11
#14 1.400 0.34 99.58 40 0.14
#18 1.000 0.22 99.39 30 0.07
#25 0.710 0.14 99.27 30 0.04
#35 0.500 0.21 99.08 25 0.05
#45 0.355 0.39 98.74 20 0.08
#60 0.250 0.67 98.16 3 0.02
#80 0.180 4.20 94.50 3 0.13
#120 0.125 46.60 53.88 1 0.47
#170 0.090 22.33 34.41 1 0.22
#230 0.063 14.19 22.04 1 0.14

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project7 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-185Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

61.0-61.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 64.3-64.8
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-185  
Sample No.: 8
Description:

Tare Weight, (g):  49.51
164.63 (with tare)

Dry Weight After Washing (g): 149.07 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.98 100 0.02
#10 2.000 0.02 99.97 25 0.01
#14 1.400 0.03 99.94 35 0.01
#18 1.000 0.11 99.84 40 0.04
#25 0.710 0.12 99.74 30 0.04
#35 0.500 0.28 99.50 25 0.07
#45 0.355 0.44 99.11 5 0.02
#60 0.250 0.91 98.32 5 0.05
#80 0.180 17.97 82.71 1 0.18
#120 0.125 57.38 32.87 1 0.57
#170 0.090 14.70 20.10 1 0.15
#230 0.063 5.97 14.91 1 0.06

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project8 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-185Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

64.3-64.8
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.7-48.2
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-186  
Sample No.: 1
Description:

Tare Weight, (g):  50.00
168.96 (with tare)

Dry Weight After Washing (g): 166.17 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.29 98.92 100 1.29
#7 2.800 1.08 98.01 100 1.08
#10 2.000 0.73 97.39 100 0.73
#14 1.400 0.89 96.65 70 0.62
#18 1.000 0.86 95.92 65 0.56
#25 0.710 0.73 95.31 70 0.51
#35 0.500 2.32 93.36 40 0.93
#45 0.355 4.31 89.74 30 1.29
#60 0.250 8.11 82.92 3 0.24
#80 0.180 44.63 45.40 1 0.45
#120 0.125 43.81 8.57 1 0.44
#170 0.090 6.20 3.36 1 0.06
#230 0.063 0.94 2.57 1 0.01

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, greenish gray (SP)

47.7-48.2 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-186Boring No.

Classification

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.5-50.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-186  
Sample No.: 2
Description:

Tare Weight, (g):  48.51
175.65 (with tare)

Dry Weight After Washing (g): 170.33 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 4.29 96.63 100 4.29
#4 4.750 0.76 96.03 100 0.76
#7 2.800 0.66 95.51 100 0.66
#10 2.000 0.45 95.15 98 0.44
#14 1.400 0.50 94.76 95 0.48
#18 1.000 0.51 94.36 80 0.41
#25 0.710 0.39 94.05 70 0.27
#35 0.500 0.88 93.36 40 0.35
#45 0.355 1.65 92.06 5 0.08
#60 0.250 3.48 89.33 3 0.10
#80 0.180 55.25 45.87 1 0.55
#120 0.125 44.16 11.14 1 0.44
#170 0.090 7.18 5.49 1 0.07
#230 0.063 1.29 4.48 1 0.01

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, greenish gray (SP)

49.5-50.0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-186Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.0-51.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-186  
Sample No.: 3
Description:

Tare Weight, (g):  50.00
168.06 (with tare)

Dry Weight After Washing (g): 159.4 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.15 99.87 100 0.15
#10 2.000 0.14 99.75 80 0.11
#14 1.400 0.27 99.53 80 0.22
#18 1.000 0.34 99.24 70 0.24
#25 0.710 0.33 98.96 45 0.15
#35 0.500 0.44 98.59 35 0.15
#45 0.355 0.59 98.09 15 0.09
#60 0.250 1.54 96.78 10 0.15
#80 0.180 31.62 70.00 1 0.32
#120 0.125 57.50 21.29 1 0.58
#170 0.090 12.44 10.76 1 0.12
#230 0.063 3.42 7.86 1 0.03

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-186Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

greenish gray (SP-SM)

51.0-51.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 53.9-54.4
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-186  
Sample No.: 4
Description:

Tare Weight, (g):  49.85
137.71 (with tare)

Dry Weight After Washing (g): 91.2 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.04 99.95 100 0.04
#10 2.000 0.10 99.84 90 0.09
#14 1.400 0.23 99.58 40 0.09
#18 1.000 0.14 99.42 65 0.09
#25 0.710 0.11 99.29 70 0.08
#35 0.500 0.12 99.16 60 0.07
#45 0.355 0.18 98.95 60 0.11
#60 0.250 0.43 98.46 20 0.09
#80 0.180 2.96 95.09 10 0.30
#120 0.125 11.96 81.48 3 0.36
#170 0.090 13.23 66.42 1 0.13
#230 0.063 10.86 54.06 1 0.11

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, trace carbonate, 
dark greenish gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-186Boring No.

Classification
CLAY, inorganic-H, some fine-grained 

quartz sand, trace carbonate, dark greenish 
gray (CH)

53.9-54.4
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 56.0-56.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-186  
Sample No.: 5
Description:

Tare Weight, (g):  49.69
130.37 (with tare)

Dry Weight After Washing (g): 79.38 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.05 99.94 0 0.00
#14 1.400 0.03 99.90 10 0.00
#18 1.000 0.05 99.84 5 0.00
#25 0.710 0.02 99.81 3 0.00
#35 0.500 0.02 99.79 3 0.00
#45 0.355 0.04 99.74 3 0.00
#60 0.250 0.09 99.63 1 0.00
#80 0.180 1.00 98.39 1 0.01
#120 0.125 6.87 89.87 1 0.07
#170 0.090 6.93 81.28 1 0.07
#230 0.063 12.63 65.63 1 0.13

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, dark greenish gray 
(CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-186Boring No.

Classification
CLAY, inorganic-H, some fine-grained 
quartz sand, dark greenish gray (CH)

56.0-56.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 57.0-57.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-186  
Sample No.: 6
Description:

Tare Weight, (g):  50.25
162.58 (with tare)

Dry Weight After Washing (g): 140.45 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.14 99.88 100 0.14
#7 2.800 0.05 99.83 100 0.05
#10 2.000 0.16 99.69 100 0.16
#14 1.400 0.21 99.50 40 0.08
#18 1.000 0.15 99.37 30 0.05
#25 0.710 0.10 99.28 45 0.05
#35 0.500 0.16 99.14 30 0.05
#45 0.355 0.22 98.94 30 0.07
#60 0.250 0.57 98.43 10 0.06
#80 0.180 7.83 91.46 3 0.23
#120 0.125 47.34 49.32 1 0.47
#170 0.090 18.83 32.56 1 0.19
#230 0.063 12.06 21.82 1 0.12

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-186Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

57.0-57.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 60.0-60.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-186  
Sample No.: 7
Description:

Tare Weight, (g):  50.41
167.18 (with tare)

Dry Weight After Washing (g): 155.3 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.07 99.93 90 0.06
#14 1.400 0.13 99.82 40 0.05
#18 1.000 0.11 99.73 70 0.08
#25 0.710 0.08 99.66 60 0.05
#35 0.500 0.17 99.51 60 0.10
#45 0.355 0.27 99.28 40 0.11
#60 0.250 0.78 98.61 40 0.31
#80 0.180 11.96 88.37 5 0.60
#120 0.125 72.11 26.62 1 0.72
#170 0.090 14.07 14.57 1 0.14
#230 0.063 4.40 10.80 1 0.04

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project7 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-186Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

greenish gray (SP-SM)

60.0-60.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 63.0-63.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-186  
Sample No.: 8
Description:

Tare Weight, (g):  49.31
189.41 (with tare)

Dry Weight After Washing (g): 169.06 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.06 99.96 0 0.00
#10 2.000 0.06 99.91 25 0.02
#14 1.400 0.09 99.85 70 0.06
#18 1.000 0.18 99.72 20 0.04
#25 0.710 0.13 99.63 10 0.01
#35 0.500 0.18 99.50 5 0.01
#45 0.355 0.31 99.28 3 0.01
#60 0.250 0.41 98.98 1 0.00
#80 0.180 7.30 93.77 1 0.07
#120 0.125 83.34 34.29 1 0.83
#170 0.090 19.08 20.67 1 0.19
#230 0.063 5.42 16.80 1 0.05

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little silt, trace carbonate, 
light olive gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project8 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-186Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
little silt, trace carbonate, light olive gray 

(SC)

63.0-63.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.5-43.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-187  
Sample No.: 1
Description:

Tare Weight, (g):  49.77
181.71 (with tare)

Dry Weight After Washing (g): 178.27 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.75 98.67 100 1.75
#7 2.800 2.73 96.60 100 2.73
#10 2.000 1.83 95.22 100 1.83
#14 1.400 2.18 93.57 90 1.96
#18 1.000 2.40 91.75 70 1.68
#25 0.710 2.16 90.11 50 1.08
#35 0.500 2.75 88.02 40 1.10
#45 0.355 2.95 85.79 25 0.74
#60 0.250 6.80 80.64 5 0.34
#80 0.180 31.69 56.62 3 0.95
#120 0.125 57.60 12.96 1 0.58
#170 0.090 11.02 4.61 1 0.11
#230 0.063 2.19 2.95 1 0.02

Total Shell Content:  11 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, dark greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

11
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, dark greenish gray (SP)

42.5-43.0 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-187Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.5-45.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-187  
Sample No.: 2
Description:

Tare Weight, (g):  49.43
176.32 (with tare)

Dry Weight After Washing (g): 165.8 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.39 99.69 100 0.39
#7 2.800 1.24 98.72 100 1.24
#10 2.000 1.13 97.82 80 0.90
#14 1.400 1.08 96.97 80 0.86
#18 1.000 1.24 96.00 85 1.05
#25 0.710 1.34 94.94 75 1.01
#35 0.500 1.74 93.57 65 1.13
#45 0.355 1.58 92.32 30 0.47
#60 0.250 2.59 90.28 20 0.52
#80 0.180 13.92 79.31 3 0.42
#120 0.125 67.93 25.78 1 0.68
#170 0.090 16.30 12.93 1 0.16
#230 0.063 4.81 9.14 1 0.05

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-187Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, dark 
greenish gray (SP-SM)

44.5-45.0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.5-47.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-187  
Sample No.: 3
Description:

Tare Weight, (g):  49.88
174.7 (with tare)

Dry Weight After Washing (g): 164.87 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.06 99.95 80 0.05
#10 2.000 0.09 99.88 95 0.09
#14 1.400 0.08 99.82 80 0.06
#18 1.000 0.11 99.73 80 0.09
#25 0.710 0.07 99.67 75 0.05
#35 0.500 0.11 99.58 40 0.04
#45 0.355 0.13 99.48 10 0.01
#60 0.250 0.35 99.20 3 0.01
#80 0.180 8.07 92.73 1 0.08
#120 0.125 84.48 25.05 1 0.84
#170 0.090 15.35 12.75 1 0.15
#230 0.063 4.84 8.88 1 0.05

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, olive (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-187Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

olive (SP-SM)

46.5-47.0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.0-49.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-187  
Sample No.: 4
Description:

Tare Weight, (g):  49.88
171.16 (with tare)

Dry Weight After Washing (g): 160.15 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.01 99.99 0 0.00
#14 1.400 0.02 99.98 25 0.01
#18 1.000 0.02 99.96 10 0.00
#25 0.710 0.05 99.92 20 0.01
#35 0.500 0.05 99.88 15 0.01
#45 0.355 0.07 99.82 3 0.00
#60 0.250 0.30 99.57 1 0.00
#80 0.180 10.01 91.32 1 0.10
#120 0.125 79.42 25.83 1 0.79
#170 0.090 15.06 13.42 1 0.15
#230 0.063 4.88 9.39 1 0.05

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-187Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

olive gray (SP-SM)

49.0-49.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.0-52.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-187  
Sample No.: 5
Description:

Tare Weight, (g):  50.12
177.54 (with tare)

Dry Weight After Washing (g): 164.65 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.04 99.96 30 0.01
#14 1.400 0.08 99.90 30 0.02
#18 1.000 0.08 99.84 70 0.06
#25 0.710 0.07 99.78 65 0.05
#35 0.500 0.07 99.73 20 0.01
#45 0.355 0.12 99.63 3 0.00
#60 0.250 0.29 99.40 1 0.00
#80 0.180 33.91 72.79 1 0.34
#120 0.125 61.47 24.55 1 0.61
#170 0.090 13.12 14.25 1 0.13
#230 0.063 4.59 10.65 1 0.05

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-187Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

olive gray (SP-SM)

52.0-52.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 54.0-54.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-187  
Sample No.: 6
Description:

Tare Weight, (g):  50.17
178.43 (with tare)

Dry Weight After Washing (g): 152.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 100 0.00
#10 2.000 0.05 99.96 30 0.02
#14 1.400 0.10 99.88 30 0.03
#18 1.000 0.11 99.80 70 0.08
#25 0.710 0.08 99.73 65 0.05
#35 0.500 0.11 99.65 20 0.02
#45 0.355 0.10 99.57 3 0.00
#60 0.250 0.41 99.25 1 0.00
#80 0.180 25.11 79.67 1 0.25
#120 0.125 64.62 29.29 1 0.65
#170 0.090 8.34 22.79 1 0.08
#230 0.063 3.02 20.44 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, olive 
gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-187Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, olive gray (SM)
54.0-54.5

Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.2-44.7
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-188  
Sample No.: 1
Description:

Tare Weight, (g):  49.98
177.9 (with tare)

Dry Weight After Washing (g): 174.16 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.38 98.14 100 2.38
#4 4.750 5.53 93.82 100 5.53
#7 2.800 3.94 90.74 100 3.94
#10 2.000 2.76 88.58 85 2.35
#14 1.400 3.24 86.05 80 2.59
#18 1.000 3.25 83.51 70 2.28
#25 0.710 2.87 81.26 55 1.58
#35 0.500 3.49 78.53 30 1.05
#45 0.355 4.77 74.80 25 1.19
#60 0.250 8.17 68.42 5 0.41
#80 0.180 29.19 45.60 3 0.88
#120 0.125 44.20 11.05 1 0.44
#170 0.090 8.67 4.27 1 0.09
#230 0.063 1.36 3.21 1 0.01

Total Shell Content:  19 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little coarse to 
medium-grained carbonate, few fine gravel-size carbonate, trace 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

19 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-188Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little coarse to medium-grained 
carbonate, few fine gravel-size carbonate, 

trace fragmented limestone, olive gray (SP)

44.2-44.7
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.8-48.3
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-188  
Sample No.: 2
Description:

Tare Weight, (g):  50.85
174.1 (with tare)

Dry Weight After Washing (g): 159.5 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.10 99.92 100 0.10
#10 2.000 0.20 99.76 100 0.20
#14 1.400 0.39 99.44 60 0.23
#18 1.000 0.40 99.12 45 0.18
#25 0.710 0.28 98.89 60 0.17
#35 0.500 0.40 98.56 40 0.16
#45 0.355 0.47 98.18 25 0.12
#60 0.250 0.82 97.52 10 0.08
#80 0.180 5.25 93.26 3 0.16
#120 0.125 76.80 30.95 1 0.77
#170 0.090 18.45 15.98 1 0.18
#230 0.063 4.70 12.16 1 0.05

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-188Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, olive gray (SP-
SM)

47.8-48.3
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.0-50.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-188  
Sample No.: 3
Description:

Tare Weight, (g):  50.59
177.67 (with tare)

Dry Weight After Washing (g): 163.99 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.03 99.98 0 0.00
#18 1.000 0.02 99.96 0 0.00
#25 0.710 0.01 99.95 3 0.00
#35 0.500 0.02 99.94 1 0.00
#45 0.355 0.04 99.91 1 0.00
#60 0.250 0.05 99.87 0 0.00
#80 0.180 5.48 95.55 0 0.00
#120 0.125 67.12 42.74 0 0.00
#170 0.090 31.41 18.02 0 0.00
#230 0.063 8.21 11.56 0 0.00

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, olive 
gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-188Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, olive gray (SP-SM)

50.0-50.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.0-52.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-188  
Sample No.: 4
Description:

Tare Weight, (g):  50.35
175.45 (with tare)

Dry Weight After Washing (g): 160.69 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.07 99.94 75 0.05
#14 1.400 0.12 99.85 40 0.05
#18 1.000 0.06 99.80 20 0.01
#25 0.710 0.12 99.70 20 0.02
#35 0.500 0.15 99.58 30 0.05
#45 0.355 0.36 99.30 15 0.05
#60 0.250 0.76 98.69 5 0.04
#80 0.180 16.05 85.86 3 0.48
#120 0.125 73.74 26.91 1 0.74
#170 0.090 14.57 15.27 1 0.15
#230 0.063 4.05 12.03 1 0.04

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-188Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

olive gray (SP-SM)

52.0-52.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.5-46.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-189  
Sample No.: 1
Description:

Tare Weight, (g):  50.30
177.8 (with tare)

Dry Weight After Washing (g): 174.53 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.66 99.48 100 0.66
#4 4.750 0.51 99.08 100 0.51
#7 2.800 1.47 97.93 100 1.47
#10 2.000 0.87 97.25 98 0.85
#14 1.400 0.99 96.47 95 0.94
#18 1.000 1.11 95.60 90 1.00
#25 0.710 1.07 94.76 70 0.75
#35 0.500 2.48 92.82 40 0.99
#45 0.355 6.10 88.03 20 1.22
#60 0.250 11.73 78.83 5 0.59
#80 0.180 42.17 45.76 3 1.27
#120 0.125 45.21 10.30 1 0.45
#170 0.090 8.37 3.73 1 0.08
#230 0.063 1.12 2.85 1 0.01

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few silt, few 
carbonate, trace fragmented limestone, dark greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-189Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few silt, few carbonate, trace 
fragmented limestone, dark greenish gray 

(SP)

45.5-46.0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.5-48.0
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-189  
Sample No.: 2
Description:

Tare Weight, (g):  49.46
172.97 (with tare)

Dry Weight After Washing (g): 163.89 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.48 97.99 100 2.48
#4 4.750 2.27 96.15 100 2.27
#7 2.800 4.22 92.74 90 3.80
#10 2.000 2.70 90.55 85 2.30
#14 1.400 2.61 88.44 65 1.70
#18 1.000 2.33 86.55 70 1.63
#25 0.710 2.07 84.88 60 1.24
#35 0.500 3.05 82.41 30 0.92
#45 0.355 4.55 78.72 30 1.37
#60 0.250 7.84 72.37 5 0.39
#80 0.180 26.03 51.30 3 0.78
#120 0.125 44.25 15.47 1 0.44
#170 0.090 8.33 8.73 1 0.08
#230 0.063 1.38 7.61 1 0.01

Total Shell Content:  16 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few coarse 
to medium-grained carbonate, few silt, trace fine gravel-size carbonate, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

16 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-189Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few coarse to medium-
grained carbonate, few silt, trace fine gravel-

size carbonate, greenish gray (SP-SM)

47.5-48.0
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.0-51.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-189  
Sample No.: 3
Description:

Tare Weight, (g):  50.29
166.18 (with tare)

Dry Weight After Washing (g): 153.12 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.28 98.90 100 1.28
#7 2.800 1.37 97.71 100 1.37
#10 2.000 0.77 97.05 90 0.69
#14 1.400 1.35 95.88 70 0.95
#18 1.000 1.32 94.75 60 0.79
#25 0.710 1.46 93.49 55 0.80
#35 0.500 2.21 91.58 40 0.88
#45 0.355 2.40 89.51 40 0.96
#60 0.250 2.74 87.14 5 0.14
#80 0.180 8.20 80.07 3 0.25
#120 0.125 62.98 25.72 1 0.63
#170 0.090 13.31 14.24 1 0.13
#230 0.063 3.09 11.57 1 0.03

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few 
carbonate, few silt, trace fragmented limestone, greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-189Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few carbonate, few silt, trace 
fragmented limestone, greenish gray (SP-

SM)

51.0-51.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 54.8-55.3
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-189  
Sample No.: 4
Description:

Tare Weight, (g):  50.33
171.32 (with tare)

Dry Weight After Washing (g): 158.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.84 99.31 75 0.63
#7 2.800 0.72 98.71 100 0.72
#10 2.000 1.07 97.83 80 0.86
#14 1.400 1.11 96.91 60 0.67
#18 1.000 1.01 96.07 55 0.56
#25 0.710 0.81 95.40 65 0.53
#35 0.500 1.26 94.36 45 0.57
#45 0.355 1.43 93.18 30 0.43
#60 0.250 1.84 91.66 20 0.37
#80 0.180 7.85 85.17 3 0.24
#120 0.125 69.46 27.76 1 0.69
#170 0.090 16.67 13.98 1 0.17
#230 0.063 4.19 10.52 1 0.04

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, trace fragmented limestone, greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-189Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, trace 
fragmented limestone, greenish gray (SP-

SM)

54.8-55.3
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 57.0-57.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-189  
Sample No.: 5
Description:

Tare Weight, (g):  50.39
179.93 (with tare)

Dry Weight After Washing (g): 165.17 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.98 50 0.01
#10 2.000 0.15 99.87 80 0.12
#14 1.400 0.46 99.51 80 0.37
#18 1.000 0.47 99.15 75 0.35
#25 0.710 0.45 98.80 70 0.32
#35 0.500 0.60 98.34 70 0.42
#45 0.355 0.74 97.77 40 0.30
#60 0.250 0.84 97.12 20 0.17
#80 0.180 7.23 91.54 3 0.22
#120 0.125 68.90 38.35 1 0.69
#170 0.090 26.42 17.96 1 0.26
#230 0.063 7.61 12.08 1 0.08

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-189Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

olive gray (SP-SM)

57.0-57.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 59.0-59.5
Project No.: 1584-01-40 Date: 9/24/2003
Boring No.: T1-03-V-189  
Sample No.: 6
Description:

Tare Weight, (g):  48.68
180.38 (with tare)

Dry Weight After Washing (g): 165.28 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.13 99.90 90 0.12
#14 1.400 0.21 99.74 80 0.17
#18 1.000 0.25 99.55 70 0.18
#25 0.710 0.21 99.39 70 0.15
#35 0.500 0.22 99.23 50 0.11
#45 0.355 0.22 99.06 35 0.08
#60 0.250 0.37 98.78 25 0.09
#80 0.180 18.58 84.67 3 0.56
#120 0.125 77.98 25.46 1 0.78
#170 0.090 13.76 15.01 1 0.14
#230 0.063 4.22 11.81 1 0.04

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-189Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, olive gray (SP-
SM)

59.0-59.5
Sample No.

GRADATION CURVES
9/24/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.5-48.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-190  
Sample No.: 1
Description:

Tare Weight, (g):  49.81
173.52 (with tare)

Dry Weight After Washing (g): 170.24 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.79 99.36 100 0.79
#7 2.800 0.53 98.93 100 0.53
#10 2.000 0.70 98.37 80 0.56
#14 1.400 0.67 97.83 70 0.47
#18 1.000 0.84 97.15 70 0.59
#25 0.710 0.89 96.43 65 0.58
#35 0.500 2.06 94.76 50 1.03
#45 0.355 6.44 89.56 35 2.25
#60 0.250 12.78 79.23 10 1.28
#80 0.180 43.49 44.07 1 0.43
#120 0.125 42.18 9.97 1 0.42
#170 0.090 7.67 3.77 1 0.08
#230 0.063 1.12 2.87 1 0.01

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, dark greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-190Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, dark greenish gray (SP)

47.5-48.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.9-49.4
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-190  
Sample No.: 2
Description:

Tare Weight, (g):  50.12
166.15 (with tare)

Dry Weight After Washing (g): 146.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.09 99.06 100 1.09
#7 2.800 3.62 95.94 90 3.26
#10 2.000 2.65 93.66 70 1.86
#14 1.400 2.99 91.08 75 2.24
#18 1.000 3.47 88.09 70 2.43
#25 0.710 3.13 85.39 65 2.03
#35 0.500 4.57 81.45 60 2.74
#45 0.355 4.94 77.20 45 2.22
#60 0.250 6.56 71.54 20 1.31
#80 0.180 15.51 58.17 3 0.47
#120 0.125 33.94 28.92 1 0.34
#170 0.090 11.53 18.99 1 0.12
#230 0.063 2.75 16.62 1 0.03

Total Shell Content:  17 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little coarse to medium-grained 
carbonate, little silt, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

17 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-190Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 
coarse to medium-grained carbonate, little 

silt, dark greenish gray (SM)

48.9-49.4
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.0-51.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-190  
Sample No.: 3
Description:

Tare Weight, (g):  50.20
172.5 (with tare)

Dry Weight After Washing (g): 153.56 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.84 98.50 90 1.66
#7 2.800 3.24 95.85 75 2.43
#10 2.000 2.85 93.52 70 2.00
#14 1.400 2.95 91.10 60 1.77
#18 1.000 2.27 89.25 50 1.14
#25 0.710 2.73 87.02 50 1.37
#35 0.500 3.88 83.84 40 1.55
#45 0.355 4.29 80.34 40 1.72
#60 0.250 4.94 76.30 30 1.48
#80 0.180 13.67 65.12 1 0.14
#120 0.125 46.47 27.12 1 0.46
#170 0.090 10.81 18.28 1 0.11
#230 0.063 2.63 16.13 1 0.03

Total Shell Content:  13 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, few coarse to medium-
grained carbonate, trace fine gravel-size carbonate, trace fragmented 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

13 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-190Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, few coarse to medium-grained 
carbonate, trace fine gravel-size carbonate, 
trace fragmented limestone, dark greenish 

gray (SM)

51.0-51.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 54.0-54.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-190  
Sample No.: 4
Description:

Tare Weight, (g):  49.48
174.9 (with tare)

Dry Weight After Washing (g): 162.33 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.14 99.89 100 0.14
#7 2.800 0.35 99.61 100 0.35
#10 2.000 0.26 99.40 100 0.26
#14 1.400 0.32 99.15 90 0.29
#18 1.000 0.33 98.88 70 0.23
#25 0.710 0.37 98.59 65 0.24
#35 0.500 0.55 98.15 40 0.22
#45 0.355 0.58 97.69 20 0.12
#60 0.250 0.79 97.06 20 0.16
#80 0.180 4.01 93.86 3 0.12
#120 0.125 84.46 26.52 1 0.84
#170 0.090 15.81 13.91 1 0.16
#230 0.063 4.65 10.21 1 0.05

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-190Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, olive gray (SP-
SM)

54.0-54.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 57.0-57.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-190  
Sample No.: 5
Description:

Tare Weight, (g):  50.06
170.13 (with tare)

Dry Weight After Washing (g): 159.31 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.17 99.86 100 0.17
#7 2.800 0.60 99.36 100 0.60
#10 2.000 0.71 98.77 100 0.71
#14 1.400 0.72 98.17 75 0.54
#18 1.000 0.85 97.46 80 0.68
#25 0.710 1.13 96.52 65 0.73
#35 0.500 9.96 88.22 40 3.98
#45 0.355 1.70 86.81 40 0.68
#60 0.250 1.35 85.68 40 0.54
#80 0.180 4.71 81.76 3 0.14
#120 0.125 76.13 18.36 1 0.76
#170 0.090 14.75 6.07 1 0.15
#230 0.063 4.23 2.55 1 0.04

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, olive 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, olive gray (SP)
57.0-57.5 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-190Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 59.0-59.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-190  
Sample No.: 6
Description:

Tare Weight, (g):  49.80
175.07 (with tare)

Dry Weight After Washing (g): 162.6 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.60 99.52 100 0.60
#10 2.000 0.38 99.22 90 0.34
#14 1.400 0.40 98.90 80 0.32
#18 1.000 0.35 98.62 75 0.26
#25 0.710 0.29 98.39 65 0.19
#35 0.500 0.39 98.08 40 0.16
#45 0.355 0.44 97.72 30 0.13
#60 0.250 0.56 97.27 10 0.06
#80 0.180 3.66 94.35 3 0.11
#120 0.125 79.53 30.87 1 0.80
#170 0.090 20.83 14.24 1 0.21
#230 0.063 4.99 10.25 1 0.05

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-190Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, olive gray (SP-
SM)

59.0-59.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 61.0-61.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-190  
Sample No.: 7
Description:

Tare Weight, (g):  50.08
175 (with tare)

Dry Weight After Washing (g): 160.67 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.11 99.91 100 0.11
#7 2.800 0.42 99.58 90 0.38
#10 2.000 0.34 99.30 90 0.31
#14 1.400 0.31 99.06 85 0.26
#18 1.000 0.35 98.78 75 0.26
#25 0.710 0.29 98.54 50 0.15
#35 0.500 0.28 98.32 25 0.07
#45 0.355 0.24 98.13 15 0.04
#60 0.250 0.32 97.87 10 0.03
#80 0.180 3.84 94.80 3 0.12
#120 0.125 84.48 27.17 1 0.84
#170 0.090 14.81 15.31 1 0.15
#230 0.063 4.55 11.67 1 0.05

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project7 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-190Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, olive gray (SP-
SM)

61.0-61.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.2-47.7
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-191  
Sample No.: 1
Description:

Tare Weight, (g):  49.83
171.38 (with tare)

Dry Weight After Washing (g): 169.62 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.06 99.13 100 1.06
#7 2.800 0.92 98.37 100 0.92
#10 2.000 0.53 97.94 90 0.48
#14 1.400 0.75 97.32 60 0.45
#18 1.000 0.75 96.70 60 0.45
#25 0.710 0.79 96.05 40 0.32
#35 0.500 2.87 93.69 20 0.57
#45 0.355 7.93 87.17 10 0.79
#60 0.250 13.19 76.31 3 0.40
#80 0.180 45.63 38.77 1 0.46
#120 0.125 37.61 7.83 1 0.38
#170 0.090 6.57 2.43 1 0.07
#230 0.063 0.96 1.64 1 0.01

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, dark 
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, dark greenish gray 

(SP)

47.2-47.7 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-191Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.0-48.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-191  
Sample No.: 2
Description:

Tare Weight, (g):  49.01
173.93 (with tare)

Dry Weight After Washing (g): 155.75 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.08 99.94 100 0.08
#10 2.000 0.11 99.85 70 0.08
#14 1.400 0.21 99.68 50 0.11
#18 1.000 0.23 99.50 70 0.16
#25 0.710 0.22 99.32 40 0.09
#35 0.500 0.42 98.98 30 0.13
#45 0.355 1.06 98.13 10 0.11
#60 0.250 2.56 96.09 5 0.13
#80 0.180 9.23 88.70 3 0.28
#120 0.125 46.18 51.73 1 0.46
#170 0.090 31.43 26.57 1 0.31
#230 0.063 14.77 14.75 1 0.15

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-191Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

48.0-48.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.7-52.2
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-191  
Sample No.: 3
Description:

Tare Weight, (g):  50.12
163.92 (with tare)

Dry Weight After Washing (g): 119.04 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.99 99.13 100 0.99
#4 4.750 0.00 99.13 0 0.00
#7 2.800 0.29 98.88 100 0.29
#10 2.000 0.02 98.86 100 0.02
#14 1.400 0.10 98.77 40 0.04
#18 1.000 0.08 98.70 70 0.06
#25 0.710 0.07 98.64 60 0.04
#35 0.500 0.08 98.57 40 0.03
#45 0.355 0.10 98.48 10 0.01
#60 0.250 0.15 98.35 3 0.00
#80 0.180 0.61 97.81 3 0.02
#120 0.125 8.37 90.46 1 0.08
#170 0.090 32.23 62.14 1 0.32
#230 0.063 24.46 40.64 1 0.24

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-191Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, dark greenish 

gray (SC)

51.7-52.2
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 54.0-54.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-191  
Sample No.: 4
Description:

Tare Weight, (g):  50.02
146.47 (with tare)

Dry Weight After Washing (g): 76.46 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.06 99.94 25 0.02
#14 1.400 0.05 99.89 20 0.01
#18 1.000 0.08 99.80 40 0.03
#25 0.710 0.02 99.78 20 0.00
#35 0.500 0.12 99.66 3 0.00
#45 0.355 0.13 99.52 1 0.00
#60 0.250 0.18 99.34 1 0.00
#80 0.180 0.41 98.91 1 0.00
#120 0.125 2.26 96.57 1 0.02
#170 0.090 8.32 87.94 1 0.08
#230 0.063 14.16 73.26 1 0.14

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, little fine-grained quartz sand, trace fragmented 
limestone, dark greenish gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
CLAY, inorganic-H, little fine-grained quartz 

sand, trace fragmented limestone, dark 
greenish gray (CH)

54.0-54.5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-191Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 56.2-56.7
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-191  
Sample No.: 5
Description:

Tare Weight, (g):  50.11
169.97 (with tare)

Dry Weight After Washing (g): 137.34 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.29 99.76 100 0.29
#7 2.800 0.60 99.26 100 0.60
#10 2.000 0.16 99.12 100 0.16
#14 1.400 0.53 98.68 70 0.37
#18 1.000 0.76 98.05 65 0.49
#25 0.710 0.75 97.42 45 0.34
#35 0.500 1.30 96.34 35 0.46
#45 0.355 1.88 94.77 20 0.38
#60 0.250 2.96 92.30 5 0.15
#80 0.180 12.20 82.12 3 0.37
#120 0.125 35.84 52.22 1 0.36
#170 0.090 15.87 38.98 1 0.16
#230 0.063 13.56 27.67 1 0.14

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, trace carbonate, 
trace fragmented limestone, dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-191Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 

little clay, trace carbonate, trace fragmented 
limestone, dark greenish gray (SC)

56.2-56.7
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 59.0-59.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-191  
Sample No.: 6
Description:

Tare Weight, (g):  50.30
169.62 (with tare)

Dry Weight After Washing (g): 152.65 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.98 100 0.02
#10 2.000 0.09 99.91 30 0.03
#14 1.400 0.32 99.64 5 0.02
#18 1.000 0.21 99.46 5 0.01
#25 0.710 0.14 99.35 75 0.11
#35 0.500 0.26 99.13 55 0.14
#45 0.355 0.29 98.89 15 0.04
#60 0.250 0.78 98.23 5 0.04
#80 0.180 11.12 88.91 3 0.33
#120 0.125 68.85 31.21 1 0.69
#170 0.090 14.35 19.18 1 0.14
#230 0.063 5.37 14.68 1 0.05

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, little silt, 
trace carbonate, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-191Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, little silt, trace carbonate, 

dark greenish gray (SP-SM)

59.0-59.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 62.0-62.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-191  
Sample No.: 7
Description:

Tare Weight, (g):  50.23
169.6 (with tare)

Dry Weight After Washing (g): 148.48 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.98 100 0.02
#10 2.000 0.03 99.96 70 0.02
#14 1.400 0.14 99.84 15 0.02
#18 1.000 0.17 99.70 30 0.05
#25 0.710 0.17 99.56 20 0.03
#35 0.500 0.15 99.43 10 0.02
#45 0.355 0.23 99.24 10 0.02
#60 0.250 0.35 98.94 3 0.01
#80 0.180 5.17 94.61 1 0.05
#120 0.125 64.71 40.40 1 0.65
#170 0.090 18.24 25.12 1 0.18
#230 0.063 8.29 18.18 1 0.08

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project7 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-191Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

62.0-62.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 66.2-66.7
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-191  
Sample No.: 8
Description:

Tare Weight, (g):  50.01
173.13 (with tare)

Dry Weight After Washing (g): 155.72 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 0 0.00
#10 2.000 0.06 99.94 60 0.04
#14 1.400 0.17 99.81 10 0.02
#18 1.000 0.13 99.70 15 0.02
#25 0.710 0.03 99.68 10 0.00
#35 0.500 0.06 99.63 10 0.01
#45 0.355 0.13 99.52 10 0.01
#60 0.250 0.42 99.18 3 0.01
#80 0.180 13.99 87.82 1 0.14
#120 0.125 67.62 32.89 1 0.68
#170 0.090 15.31 20.46 1 0.15
#230 0.063 7.02 14.76 1 0.07

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project8 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-191Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

66.2-66.7
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.0-47.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-192  
Sample No.: 1
Description:

Tare Weight, (g):  49.66
169.68 (with tare)

Dry Weight After Washing (g): 168.16 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.08 99.93 100 0.08
#7 2.800 0.77 99.29 100 0.77
#10 2.000 0.63 98.77 100 0.63
#14 1.400 0.70 98.18 90 0.63
#18 1.000 0.84 97.48 90 0.76
#25 0.710 1.07 96.59 80 0.86
#35 0.500 4.60 92.76 30 1.38
#45 0.355 14.12 80.99 15 2.12
#60 0.250 19.54 64.71 5 0.98
#80 0.180 45.69 26.65 1 0.46
#120 0.125 25.78 5.17 1 0.26
#170 0.090 3.84 1.97 1 0.04
#230 0.063 0.55 1.51 1 0.01

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, dark 
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, dark greenish gray 

(SP)

47.0-47.5 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-192Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.0-49.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-192  
Sample No.: 2
Description:

Tare Weight, (g):  49.32
163.05 (with tare)

Dry Weight After Washing (g): 123.37 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.14 99.88 100 0.14
#10 2.000 0.12 99.77 70 0.08
#14 1.400 0.21 99.59 40 0.08
#18 1.000 0.32 99.31 20 0.06
#25 0.710 0.45 98.91 3 0.01
#35 0.500 1.41 97.67 3 0.04
#45 0.355 3.17 94.88 1 0.03
#60 0.250 7.05 88.68 1 0.07
#80 0.180 27.55 64.46 1 0.28
#120 0.125 27.31 40.45 1 0.27
#170 0.090 4.68 36.33 1 0.05
#230 0.063 1.38 35.12 1 0.01

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
trace fragmented limestone, dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-192Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 

some clay, trace carbonate, trace 
fragmented limestone, dark greenish gray 

(SC)

49.0-49.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.7-43.2
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-193  
Sample No.: 1
Description:

Tare Weight, (g):  50.50
170.53 (with tare)

Dry Weight After Washing (g): 156.13 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.80 99.33 100 0.80
#7 2.800 2.64 97.13 80 2.11
#10 2.000 1.87 95.58 75 1.40
#14 1.400 2.05 93.87 70 1.44
#18 1.000 2.05 92.16 70 1.44
#25 0.710 1.75 90.70 65 1.14
#35 0.500 2.62 88.52 50 1.31
#45 0.355 3.22 85.84 20 0.64
#60 0.250 3.84 82.64 10 0.38
#80 0.180 11.98 72.66 3 0.36
#120 0.125 56.52 25.57 1 0.57
#170 0.090 12.43 15.21 1 0.12
#230 0.063 3.40 12.38 1 0.03

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, trace fragmented limestone, dark gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

10 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-193Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, trace 
fragmented limestone, dark gray (SP-SM)

42.7-43.2
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.0-45.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-194  
Sample No.: 2
Description:

Tare Weight, (g):  50.00
174.6 (with tare)

Dry Weight After Washing (g): 153.67 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.09 99.93 100 0.09
#7 2.800 0.19 99.78 90 0.17
#10 2.000 0.48 99.39 40 0.19
#14 1.400 0.59 98.92 20 0.12
#18 1.000 0.66 98.39 10 0.07
#25 0.710 0.53 97.96 3 0.02
#35 0.500 0.71 97.39 1 0.01
#45 0.355 0.80 96.75 1 0.01
#60 0.250 1.06 95.90 1 0.01
#80 0.180 13.61 84.98 1 0.14
#120 0.125 65.85 32.13 1 0.66
#170 0.090 13.99 20.90 1 0.14
#230 0.063 4.60 17.21 1 0.05

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, olive (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-194Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, olive (SM)

45.0-45.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.5-48.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-194  
Sample No.: 3
Description:

Tare Weight, (g):  50.21
178.86 (with tare)

Dry Weight After Washing (g): 170.8 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.45 98.87 100 1.45
#7 2.800 2.00 97.32 100 2.00
#10 2.000 1.60 96.07 80 1.28
#14 1.400 1.59 94.84 65 1.03
#18 1.000 1.49 93.68 60 0.89
#25 0.710 1.40 92.59 60 0.84
#35 0.500 2.12 90.94 35 0.74
#45 0.355 3.77 88.01 15 0.57
#60 0.250 8.27 81.59 3 0.25
#80 0.180 37.08 52.76 1 0.37
#120 0.125 48.93 14.73 1 0.49
#170 0.090 8.74 7.94 1 0.09
#230 0.063 1.81 6.53 1 0.02

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few 
carbonate, few silt, trace fragmented limestone, dark greenish gray (SP-

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-194Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few carbonate, few silt, trace 
fragmented limestone, dark greenish gray 

(SP-SM)

47.5-48.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.7-44.2
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-195  
Sample No.: 1
Description:

Tare Weight, (g):  50.20
174.45 (with tare)

Dry Weight After Washing (g): 160.91 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.30 99.76 80 0.24
#10 2.000 0.31 99.51 40 0.12
#14 1.400 0.45 99.15 30 0.14
#18 1.000 0.42 98.81 45 0.19
#25 0.710 0.35 98.53 40 0.14
#35 0.500 0.51 98.12 30 0.15
#45 0.355 0.71 97.55 5 0.04
#60 0.250 0.93 96.80 3 0.03
#80 0.180 35.36 68.34 1 0.35
#120 0.125 58.62 21.16 1 0.59
#170 0.090 8.92 13.98 1 0.09
#230 0.063 3.54 11.13 1 0.04

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-195Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, olive gray (SP-
SM)

43.7-44.2
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.0-46.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-195  
Sample No.: 2
Description:

Tare Weight, (g):  49.43
173.29 (with tare)

Dry Weight After Washing (g): 162.39 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.18 99.85 100 0.18
#10 2.000 0.21 99.69 60 0.13
#14 1.400 0.41 99.35 40 0.16
#18 1.000 0.35 99.07 35 0.12
#25 0.710 0.30 98.83 40 0.12
#35 0.500 0.42 98.49 40 0.17
#45 0.355 0.51 98.08 20 0.10
#60 0.250 0.91 97.34 3 0.03
#80 0.180 7.18 91.55 1 0.07
#120 0.125 79.89 27.05 1 0.80
#170 0.090 15.55 14.49 1 0.16
#230 0.063 5.96 9.68 1 0.06

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

olive gray (SP-SM)

46.0-46.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-195Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.8-45.3
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-196  
Sample No.: 1
Description:

Tare Weight, (g):  50.33
168.51 (with tare)

Dry Weight After Washing (g): 166.37 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.29 99.75 100 0.29
#7 2.800 1.16 98.77 100 1.16
#10 2.000 0.49 98.36 70 0.34
#14 1.400 0.60 97.85 70 0.42
#18 1.000 0.61 97.33 70 0.43
#25 0.710 0.63 96.80 65 0.41
#35 0.500 1.56 95.48 30 0.47
#45 0.355 4.92 91.32 15 0.74
#60 0.250 10.82 82.16 5 0.54
#80 0.180 47.22 42.21 3 1.42
#120 0.125 39.79 8.54 1 0.40
#170 0.090 6.55 3.00 1 0.07
#230 0.063 1.07 2.09 1 0.01

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, dark greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

6
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, dark greenish gray (SP)

44.8-45.3 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-196Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.4-46.9
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-196  
Sample No.: 2
Description:

Tare Weight, (g):  49.53
166.83 (with tare)

Dry Weight After Washing (g): 135.16 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.26 99.78 100 0.26
#10 2.000 0.32 99.51 30 0.10
#14 1.400 0.36 99.20 30 0.11
#18 1.000 0.41 98.85 20 0.08
#25 0.710 0.39 98.52 20 0.08
#35 0.500 0.68 97.94 10 0.07
#45 0.355 0.99 97.09 5 0.05
#60 0.250 2.10 95.30 3 0.06
#80 0.180 7.53 88.88 1 0.08
#120 0.125 32.94 60.80 1 0.33
#170 0.090 21.61 42.38 1 0.22
#230 0.063 15.82 28.89 1 0.16

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
trace fragmented limestone, dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-196Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 

some clay, trace carbonate, trace 
fragmented limestone, dark greenish gray 

(SC)

46.4-46.9
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.5-49.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-196  
Sample No.: 3
Description:

Tare Weight, (g):  49.89
166.95 (with tare)

Dry Weight After Washing (g): 150.02 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.36 99.69 100 0.36
#7 2.800 1.60 98.33 100 1.60
#10 2.000 1.73 96.85 90 1.56
#14 1.400 1.57 95.51 70 1.10
#18 1.000 1.78 93.99 65 1.16
#25 0.710 1.67 92.56 50 0.84
#35 0.500 2.36 90.54 45 1.06
#45 0.355 2.16 88.70 30 0.65
#60 0.250 2.23 86.79 15 0.33
#80 0.180 7.45 80.43 3 0.22
#120 0.125 57.55 31.27 1 0.58
#170 0.090 13.91 19.38 1 0.14
#230 0.063 3.97 15.99 1 0.04

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, few carbonate, few 
fragmented limestone, dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-196Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
little clay, few carbonate, few fragmented 

limestone, dark greenish gray (SC)

48.5-49.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.5-51.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-196  
Sample No.: 4
Description:

Tare Weight, (g):  49.98
181.25 (with tare)

Dry Weight After Washing (g): 168.11 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.43 99.67 100 0.43
#7 2.800 0.57 99.24 100 0.57
#10 2.000 1.14 98.37 90 1.03
#14 1.400 1.10 97.53 85 0.94
#18 1.000 1.07 96.72 80 0.86
#25 0.710 0.93 96.01 75 0.70
#35 0.500 1.32 95.00 70 0.92
#45 0.355 1.54 93.83 30 0.46
#60 0.250 1.81 92.45 5 0.09
#80 0.180 7.14 87.01 1 0.07
#120 0.125 72.81 31.55 1 0.73
#170 0.090 21.02 15.53 1 0.21
#230 0.063 6.37 10.68 1 0.06

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-196Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, trace 
fragmented limestone, olive gray (SP-SM)

50.5-51.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.5-46.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-197  
Sample No.: 1
Description:

Tare Weight, (g):  50.06
178.6 (with tare)

Dry Weight After Washing (g): 177.01 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.92 97.73 100 2.92
#4 4.750 1.23 96.77 100 1.23
#7 2.800 1.71 95.44 100 1.71
#10 2.000 1.02 94.65 90 0.92
#14 1.400 0.91 93.94 80 0.73
#18 1.000 0.72 93.38 65 0.47
#25 0.710 0.59 92.92 75 0.44
#35 0.500 1.96 91.40 25 0.49
#45 0.355 7.90 85.25 5 0.40
#60 0.250 14.77 73.76 3 0.44
#80 0.180 49.64 35.14 1 0.50
#120 0.125 36.29 6.91 1 0.36
#170 0.090 5.97 2.26 1 0.06
#230 0.063 0.90 1.56 1 0.01

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, dark gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, dark gray (SP)

45.5-46.0 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-197Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.0-47.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-197  
Sample No.: 2
Description:

Tare Weight, (g):  50.62
170.14 (with tare)

Dry Weight After Washing (g): 158.12 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.67 99.44 100 0.67
#7 2.800 0.25 99.23 95 0.24
#10 2.000 0.36 98.93 90 0.32
#14 1.400 0.34 98.64 85 0.29
#18 1.000 0.35 98.35 90 0.32
#25 0.710 0.37 98.04 40 0.15
#35 0.500 0.60 97.54 40 0.24
#45 0.355 1.00 96.70 10 0.10
#60 0.250 2.29 94.79 5 0.11
#80 0.180 12.37 84.44 3 0.37
#120 0.125 72.47 23.80 1 0.72
#170 0.090 13.16 12.79 1 0.13
#230 0.063 3.24 10.08 1 0.03

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, dark gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-197Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

dark gray (SP-SM)

47.0-47.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.5-50.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-197  
Sample No.: 3
Description:

Tare Weight, (g):  50.17
165.53 (with tare)

Dry Weight After Washing (g): 142.98 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.10 99.91 100 0.10
#7 2.800 0.13 99.80 100 0.13
#10 2.000 0.11 99.71 30 0.03
#14 1.400 0.18 99.55 40 0.07
#18 1.000 0.12 99.45 40 0.05
#25 0.710 0.08 99.38 45 0.04
#35 0.500 0.11 99.28 70 0.08
#45 0.355 0.13 99.17 40 0.05
#60 0.250 0.27 98.93 15 0.04
#80 0.180 1.52 97.62 3 0.05
#120 0.125 44.97 58.63 1 0.45
#170 0.090 30.26 32.40 1 0.30
#230 0.063 13.22 20.94 1 0.13

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-197Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

49.5-50.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.0-52.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-197  
Sample No.: 4
Description:

Tare Weight, (g):  50.17
143.53 (with tare)

Dry Weight After Washing (g): 83.92 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.03 99.97 0 0.00
#14 1.400 0.03 99.94 0 0.00
#18 1.000 0.02 99.91 5 0.00
#25 0.710 0.02 99.89 1 0.00
#35 0.500 0.01 99.88 3 0.00
#45 0.355 0.01 99.87 1 0.00
#60 0.250 0.02 99.85 1 0.00
#80 0.180 0.92 98.86 1 0.01
#120 0.125 8.36 89.91 1 0.08
#170 0.090 10.07 79.12 1 0.10
#230 0.063 10.47 67.91 1 0.10

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, dark greenish gray 
(CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-197Boring No.

Classification
CLAY, inorganic-H, some fine-grained 
quartz sand, dark greenish gray (CH)

52.0-52.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.9-53.4
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-197  
Sample No.: 5
Description:

Tare Weight, (g):  50.07
163.34 (with tare)

Dry Weight After Washing (g): 127.79 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.05 99.96 0 0.00
#14 1.400 0.05 99.91 0 0.00
#18 1.000 0.03 99.89 5 0.00
#25 0.710 0.01 99.88 60 0.01
#35 0.500 0.03 99.85 75 0.02
#45 0.355 0.05 99.81 60 0.03
#60 0.250 0.15 99.67 15 0.02
#80 0.180 4.62 95.59 5 0.23
#120 0.125 36.38 63.48 1 0.36
#170 0.090 19.01 46.69 1 0.19
#230 0.063 13.99 34.34 1 0.14

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-197Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, dark greenish 

gray (SC)

52.9-53.4
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 55.0-55.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-197  
Sample No.: 6
Description:

Tare Weight, (g):  50.18
164.9 (with tare)

Dry Weight After Washing (g): 125.54 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.15 99.87 5 0.01
#14 1.400 0.06 99.82 0 0.00
#18 1.000 0.02 99.80 3 0.00
#25 0.710 0.02 99.78 90 0.02
#35 0.500 0.02 99.76 40 0.01
#45 0.355 0.05 99.72 10 0.01
#60 0.250 0.11 99.63 3 0.00
#80 0.180 4.25 95.92 1 0.04
#120 0.125 37.89 62.89 1 0.38
#170 0.090 18.11 47.11 1 0.18
#230 0.063 11.63 36.97 1 0.12

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-197Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, dark greenish 

gray (SC)

55.0-55.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 56.7-57.2
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-197  
Sample No.: 7
Description:

Tare Weight, (g):  49.94
152.29 (with tare)

Dry Weight After Washing (g): 92.94 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.13 99.87 3 0.00
#14 1.400 0.10 99.78 5 0.01
#18 1.000 0.06 99.72 65 0.04
#25 0.710 0.02 99.70 40 0.01
#35 0.500 0.09 99.61 10 0.01
#45 0.355 0.06 99.55 3 0.00
#60 0.250 0.07 99.48 1 0.00
#80 0.180 0.51 98.98 1 0.01
#120 0.125 5.13 93.97 1 0.05
#170 0.090 12.82 81.45 1 0.13
#230 0.063 18.55 63.32 1 0.19

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, dark greenish gray 
(CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project7 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-197Boring No.

Classification
CLAY, inorganic-H, some fine-grained 
quartz sand, dark greenish gray (CH)

56.7-57.2
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.5-47.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-198  
Sample No.: 1
Description:

Tare Weight, (g):  49.70
182.94 (with tare)

Dry Weight After Washing (g): 181.47 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 3.69 97.23 100 3.69
3/8" 9.500 5.35 93.22 100 5.35
#4 4.750 4.05 90.18 100 4.05
#7 2.800 4.80 86.57 100 4.80
#10 2.000 2.27 84.87 90 2.04
#14 1.400 2.47 83.02 75 1.85
#18 1.000 2.47 81.16 70 1.73
#25 0.710 2.95 78.95 30 0.89
#35 0.500 9.62 71.73 10 0.96
#45 0.355 11.23 63.30 3 0.34
#60 0.250 11.56 54.62 1 0.12
#80 0.180 37.08 26.79 1 0.37
#120 0.125 29.71 4.50 1 0.30
#170 0.090 3.62 1.78 1 0.04
#230 0.063 0.43 1.46 1 0.00

Total Shell Content:  20 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few coarse to fine 
gravel-size carbonate, few coarse to medium-grained carbonate, trace 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

20 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-198Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few coarse to fine gravel-size 
carbonate, few coarse to medium-grained 
carbonate, trace fragmented limestone, 

greenish gray (SP)

46.5-47.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.5-49.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-198  
Sample No.: 2
Description:

Tare Weight, (g):  49.54
174.26 (with tare)

Dry Weight After Washing (g): 171.69 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.91 98.47 100 1.91
#7 2.800 1.19 97.51 100 1.19
#10 2.000 0.97 96.74 65 0.63
#14 1.400 0.87 96.04 55 0.48
#18 1.000 0.84 95.37 40 0.34
#25 0.710 0.74 94.77 70 0.52
#35 0.500 2.51 92.76 40 1.00
#45 0.355 6.24 87.76 20 1.25
#60 0.250 9.46 80.17 3 0.28
#80 0.180 49.87 40.19 1 0.50
#120 0.125 40.12 8.02 1 0.40
#170 0.090 6.17 3.07 1 0.06
#230 0.063 0.94 2.32 1 0.01

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, 
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, greenish gray (SP)

48.5-49.0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-198Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.5-50.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-198  
Sample No.: 3
Description:

Tare Weight, (g):  50.07
170.76 (with tare)

Dry Weight After Washing (g): 143.19 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.17 99.86 0 0.00
#14 1.400 0.12 99.76 0 0.00
#18 1.000 0.14 99.64 3 0.00
#25 0.710 0.13 99.54 1 0.00
#35 0.500 0.38 99.22 3 0.01
#45 0.355 0.92 98.46 1 0.01
#60 0.250 2.86 96.09 1 0.03
#80 0.180 18.08 81.11 1 0.18
#120 0.125 40.39 47.64 1 0.40
#170 0.090 18.99 31.91 1 0.19
#230 0.063 9.63 23.93 1 0.10

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, very 
dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-198Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, very dark greenish 
gray (SM)

49.5-50.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.5-51.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-198  
Sample No.: 4
Description:

Tare Weight, (g):  50.60
180.34 (with tare)

Dry Weight After Washing (g): 173.24 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.06 99.95 0 0.00
#14 1.400 0.09 99.88 0 0.00
#18 1.000 0.17 99.75 1 0.00
#25 0.710 0.30 99.52 1 0.00
#35 0.500 1.80 98.13 1 0.02
#45 0.355 5.91 93.58 1 0.06
#60 0.250 17.08 80.41 0 0.00
#80 0.180 53.34 39.30 0 0.00
#120 0.125 28.63 17.23 0 0.00
#170 0.090 11.27 8.55 0 0.00
#230 0.063 3.24 6.05 0 0.00

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-198Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, greenish gray (SP-

SM)

50.5-51.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.5-53.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-198  
Sample No.: 5
Description:

Tare Weight, (g):  50.03
179.39 (with tare)

Dry Weight After Washing (g): 170.37 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.05 99.96 0 0.00
#14 1.400 0.03 99.94 0 0.00
#18 1.000 0.02 99.92 0 0.00
#25 0.710 0.02 99.91 3 0.00
#35 0.500 0.10 99.83 1 0.00
#45 0.355 0.15 99.71 1 0.00
#60 0.250 0.30 99.48 1 0.00
#80 0.180 1.97 97.96 0 0.00
#120 0.125 70.63 43.36 0 0.00
#170 0.090 33.06 17.80 0 0.00
#230 0.063 12.90 7.83 0 0.00

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-198Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, greenish gray (SP-

SM)

52.5-53.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.6-47.1
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-199  
Sample No.: 1
Description:

Tare Weight, (g):  49.46
175.59 (with tare)

Dry Weight After Washing (g): 174.36 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.62 99.51 100 0.62
#7 2.800 0.48 99.13 90 0.43
#10 2.000 0.39 98.82 100 0.39
#14 1.400 0.59 98.35 85 0.50
#18 1.000 0.82 97.70 85 0.70
#25 0.710 1.44 96.56 70 1.01
#35 0.500 5.86 91.91 20 1.17
#45 0.355 12.34 82.13 10 1.23
#60 0.250 22.01 64.68 5 1.10
#80 0.180 43.75 29.99 3 1.31
#120 0.125 29.83 6.34 1 0.30
#170 0.090 5.56 1.93 1 0.06
#230 0.063 0.65 1.42 1 0.01

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, dark 
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, dark greenish gray 

(SP)

46.6-47.1 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-199Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.8-49.3
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-199  
Sample No.: 2
Description:

Tare Weight, (g):  50.33
178.36 (with tare)

Dry Weight After Washing (g): 161.19 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.03 99.98 100 0.03
#10 2.000 0.14 99.87 60 0.08
#14 1.400 0.06 99.82 85 0.05
#18 1.000 0.10 99.74 80 0.08
#25 0.710 0.11 99.66 85 0.09
#35 0.500 0.28 99.44 60 0.17
#45 0.355 0.67 98.91 40 0.27
#60 0.250 1.90 97.43 5 0.10
#80 0.180 12.47 87.69 3 0.37
#120 0.125 58.58 41.94 1 0.59
#170 0.090 24.97 22.43 1 0.25
#230 0.063 10.50 14.23 1 0.11

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-199Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

48.8-49.3
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.1-51.8
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-199  
Sample No.: 3
Description:

Tare Weight, (g):  49.43
171.01 (with tare)

Dry Weight After Washing (g): 154.61 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.16 99.87 30 0.05
#14 1.400 0.15 99.75 30 0.05
#18 1.000 0.11 99.65 30 0.03
#25 0.710 0.13 99.55 60 0.08
#35 0.500 0.31 99.29 40 0.12
#45 0.355 0.72 98.70 10 0.07
#60 0.250 1.49 97.47 3 0.04
#80 0.180 24.70 77.16 3 0.74
#120 0.125 54.52 32.32 1 0.55
#170 0.090 16.32 18.89 1 0.16
#230 0.063 6.21 13.79 1 0.06

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, dark 
greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-199Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, dark greenish gray 
(SM)

51.1-51.8
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.3-46.8
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-200  
Sample No.: 1
Description:

Tare Weight, (g):  49.90
184.01 (with tare)

Dry Weight After Washing (g): 182.17 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 4.57 96.59 100 4.57
#4 4.750 5.27 92.66 100 5.27
#7 2.800 3.87 89.78 100 3.87
#10 2.000 2.57 87.86 80 2.06
#14 1.400 2.88 85.71 70 2.02
#18 1.000 3.44 83.15 70 2.41
#25 0.710 5.69 78.91 40 2.28
#35 0.500 22.88 61.84 10 2.29
#45 0.355 26.12 42.37 5 1.31
#60 0.250 18.70 28.42 3 0.56
#80 0.180 20.58 13.08 1 0.21
#120 0.125 13.15 3.27 1 0.13
#170 0.090 1.86 1.89 1 0.02
#230 0.063 0.28 1.68 1 0.00

Total Shell Content:  20 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, few fine 
gravel-size carbonate, few coarse to medium-grained carbonate, trace 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

20 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-200Boring No.

Classification
SAND, poorly-graded, mostly medium to 
fine-grained quartz, few fine gravel-size 

carbonate, few coarse to medium-grained 
carbonate, trace fragmented limestone, 

dark gray (SP)

46.3-46.8
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.6-48.1
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-200  
Sample No.: 2
Description:

Tare Weight, (g):  48.93
149.41 (with tare)

Dry Weight After Washing (g): 97.13 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.04 99.96 0 0.00
#14 1.400 0.07 99.89 15 0.01
#18 1.000 0.07 99.82 3 0.00
#25 0.710 0.08 99.74 5 0.00
#35 0.500 0.13 99.61 3 0.00
#45 0.355 0.27 99.34 1 0.00
#60 0.250 0.35 98.99 1 0.00
#80 0.180 1.33 97.67 1 0.01
#120 0.125 10.02 87.70 1 0.10
#170 0.090 19.46 68.33 1 0.19
#230 0.063 14.44 53.96 1 0.14

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, dark greenish gray 
(CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-200Boring No.

Classification
CLAY, inorganic-H, some fine-grained 
quartz sand, dark greenish gray (CH)

47.6-48.1
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.5-50.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-200  
Sample No.: 3
Description:

Tare Weight, (g):  48.47
133.57 (with tare)

Dry Weight After Washing (g): 71.34 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.02 99.98 30 0.01
#18 1.000 0.02 99.95 5 0.00
#25 0.710 0.04 99.91 30 0.01
#35 0.500 0.05 99.85 40 0.02
#45 0.355 0.06 99.78 20 0.01
#60 0.250 0.19 99.55 3 0.01
#80 0.180 0.72 98.71 1 0.01
#120 0.125 3.81 94.23 1 0.04
#170 0.090 8.46 84.29 1 0.08
#230 0.063 8.68 74.09 1 0.09

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, little fine-grained quartz sand, dark greenish gray 
(CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
CLAY, inorganic-H, little fine-grained quartz 

sand, dark greenish gray (CH)
49.5-50.0 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-200Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.3-51.8
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-200  
Sample No.: 4
Description:

Tare Weight, (g):  50.38
184.53 (with tare)

Dry Weight After Washing (g): 161.06 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.07 99.95 100 0.07
#10 2.000 0.29 99.73 60 0.17
#14 1.400 0.22 99.57 65 0.14
#18 1.000 0.27 99.37 40 0.11
#25 0.710 0.26 99.17 55 0.14
#35 0.500 0.73 98.63 20 0.15
#45 0.355 1.16 97.76 10 0.12
#60 0.250 0.84 97.14 5 0.04
#80 0.180 5.07 93.36 3 0.15
#120 0.125 77.61 35.51 1 0.78
#170 0.090 17.09 22.77 1 0.17
#230 0.063 6.45 17.96 1 0.06

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, olive 
gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-200Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, olive gray (SM)
51.3-51.8

Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.1-46.6
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-201  
Sample No.: 1
Description:

Tare Weight, (g):  50.37
178.24 (with tare)

Dry Weight After Washing (g): 160.45 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.04 99.19 100 1.04
#4 4.750 4.18 95.92 100 4.18
#7 2.800 7.51 90.04 90 6.76
#10 2.000 5.29 85.91 85 4.50
#14 1.400 4.74 82.20 70 3.32
#18 1.000 5.19 78.14 80 4.15
#25 0.710 4.69 74.47 75 3.52
#35 0.500 7.25 68.80 70 5.08
#45 0.355 7.14 63.22 30 2.14
#60 0.250 8.68 56.43 15 1.30
#80 0.180 22.61 38.75 5 1.13
#120 0.125 26.05 18.38 3 0.78
#170 0.090 4.39 14.94 1 0.04
#230 0.063 1.19 14.01 1 0.01

Total Shell Content:  30 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little coarse to medium-grained 
carbonate, few fragmented limestone, trace fine gravel-size carbonate, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

30 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-201Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 
coarse to medium-grained carbonate, few 

fragmented limestone, trace fine gravel-size 
carbonate, dark greenish gray (SM)

46.1-46.6
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.1-48.6
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-201  
Sample No.: 2
Description:

Tare Weight, (g):  50.26
176.1 (with tare)

Dry Weight After Washing (g): 154.07 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 2.28 98.19 100 2.28
#7 2.800 5.83 93.56 100 5.83
#10 2.000 4.55 89.94 90 4.10
#14 1.400 4.39 86.45 80 3.51
#18 1.000 4.55 82.84 45 2.05
#25 0.710 4.10 79.58 45 1.85
#35 0.500 5.51 75.20 40 2.20
#45 0.355 6.03 70.41 25 1.51
#60 0.250 7.42 64.51 10 0.74
#80 0.180 17.02 50.99 3 0.51
#120 0.125 30.27 26.93 1 0.30
#170 0.090 8.91 19.85 1 0.09
#230 0.063 2.53 17.84 1 0.03

Total Shell Content:  20 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little coarse to medium-grained 
carbonate, few fragmented limestone, greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

20 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-201Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 
coarse to medium-grained carbonate, few 
fragmented limestone, greenish gray (SM)

48.1-48.6
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.3-46.8
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-202  
Sample No.: 1
Description:

Tare Weight, (g):  50.44
179.6 (with tare)

Dry Weight After Washing (g): 177.24 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.90 98.53 100 1.90
#7 2.800 2.66 96.47 90 2.39
#10 2.000 1.91 94.99 75 1.43
#14 1.400 1.90 93.52 65 1.24
#18 1.000 1.70 92.20 50 0.85
#25 0.710 1.49 91.05 45 0.67
#35 0.500 3.64 88.23 20 0.73
#45 0.355 6.81 82.96 10 0.68
#60 0.250 10.05 75.18 3 0.30
#80 0.180 38.82 45.12 1 0.39
#120 0.125 46.96 8.76 1 0.47
#170 0.090 7.85 2.69 1 0.08
#230 0.063 1.19 1.77 1 0.01

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, few 
fragmented limestone, dark gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, few fragmented 
limestone, dark gray (SP)

46.3-46.8 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-202Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.0-48.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-202  
Sample No.: 2
Description:

Tare Weight, (g):  50.11
176.14 (with tare)

Dry Weight After Washing (g): 160.51 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.88 99.30 100 0.88
#7 2.800 1.67 97.98 90 1.50
#10 2.000 1.90 96.47 70 1.33
#14 1.400 2.09 94.81 70 1.46
#18 1.000 2.43 92.88 65 1.58
#25 0.710 2.34 91.03 45 1.05
#35 0.500 3.04 88.61 40 1.22
#45 0.355 2.99 86.24 25 0.75
#60 0.250 3.72 83.29 20 0.74
#80 0.180 10.87 74.66 3 0.33
#120 0.125 61.64 25.76 1 0.62
#170 0.090 13.47 15.07 1 0.13
#230 0.063 3.11 12.60 1 0.03

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few 
carbonate, trace fragmented limestone, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-

grained quartz, few carbonate, trace 
fragmented limestone, dark greenish gray 

(SP-SM)

48.0-48.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-202Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.0-50.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-202  
Sample No.: 3
Description:

Tare Weight, (g):  50.25
176.89 (with tare)

Dry Weight After Washing (g): 155.75 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.79 99.38 100 0.79
#7 2.800 1.36 98.30 100 1.36
#10 2.000 1.72 96.94 90 1.55
#14 1.400 1.95 95.40 75 1.46
#18 1.000 2.45 93.47 70 1.72
#25 0.710 2.38 91.59 70 1.67
#35 0.500 3.31 88.98 60 1.99
#45 0.355 3.01 86.60 30 0.90
#60 0.250 3.20 84.07 15 0.48
#80 0.180 10.10 76.10 3 0.30
#120 0.125 56.92 31.15 1 0.57
#170 0.090 14.58 19.64 1 0.15
#230 0.063 3.33 17.01 1 0.03

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

10
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, few 

carbonate, trace fragmented limestone, 
dark greenish gray (SM)

50.0-50.5 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-202Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.0-52.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-202  
Sample No.: 4
Description:

Tare Weight, (g):  50.15
170.17 (with tare)

Dry Weight After Washing (g): 154.23 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.97 99.19 100 0.97
#7 2.800 1.41 98.02 100 1.41
#10 2.000 1.33 96.91 90 1.20
#14 1.400 1.50 95.66 85 1.28
#18 1.000 1.61 94.32 70 1.13
#25 0.710 1.57 93.01 70 1.10
#35 0.500 2.40 91.01 60 1.44
#45 0.355 1.94 89.39 40 0.78
#60 0.250 2.06 87.68 10 0.21
#80 0.180 7.84 81.14 3 0.24
#120 0.125 59.91 31.23 1 0.60
#170 0.090 17.01 17.06 1 0.17
#230 0.063 4.18 13.57 1 0.04

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, few 

carbonate, trace fragmented limestone, 
dark greenish gray (SM)

52.0-52.5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-202Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.4-43.9
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-203  
Sample No.: 1
Description:

Tare Weight, (g):  50.11
175.26 (with tare)

Dry Weight After Washing (g): 173.12 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.21 99.03 100 1.21
#4 4.750 10.55 90.60 75 7.91
#7 2.800 7.00 85.01 85 5.95
#10 2.000 5.37 80.72 80 4.30
#14 1.400 6.06 75.88 70 4.24
#18 1.000 5.66 71.35 40 2.26
#25 0.710 4.78 67.53 35 1.67
#35 0.500 8.28 60.92 20 1.66
#45 0.355 13.51 50.12 10 1.35
#60 0.250 14.56 38.49 3 0.44
#80 0.180 21.01 21.70 1 0.21
#120 0.125 20.51 5.31 1 0.21
#170 0.090 3.37 2.62 1 0.03
#230 0.063 0.43 2.28 1 0.00

Total Shell Content:  25 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little 
coarse to medium-grained carbonate, few fine gravel-size carbonate, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

25 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-203Boring No.

Classification
SAND, poorly-graded, mostly medium to 

fine-grained quartz, little coarse to medium-
grained carbonate, few fine gravel-size 

carbonate, few fragmented limestone, dark 
greenish gray (SP)

43.4-43.9
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.5-46.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-203  
Sample No.: 2
Description:

Tare Weight, (g):  49.33
172.57 (with tare)

Dry Weight After Washing (g): 170.35 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.27 98.97 100 1.27
#4 4.750 2.56 96.89 100 2.56
#7 2.800 1.46 95.71 100 1.46
#10 2.000 1.15 94.77 75 0.86
#14 1.400 1.11 93.87 85 0.94
#18 1.000 1.19 92.91 80 0.95
#25 0.710 1.15 91.98 75 0.86
#35 0.500 2.17 90.21 55 1.19
#45 0.355 5.32 85.90 15 0.80
#60 0.250 11.43 76.62 3 0.34
#80 0.180 44.43 40.57 1 0.44
#120 0.125 40.13 8.01 1 0.40
#170 0.090 6.56 2.69 1 0.07
#230 0.063 1.04 1.84 1 0.01

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

10
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, greenish gray (SP)

45.5-46.0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-203Boring No.

Classification

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.6-44.1
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-204  
Sample No.: 1
Description:

Tare Weight, (g):  50.65
178.37 (with tare)

Dry Weight After Washing (g): 176.59 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.91 99.29 100 0.91
#7 2.800 0.39 98.98 100 0.39
#10 2.000 0.64 98.48 60 0.38
#14 1.400 0.70 97.93 40 0.28
#18 1.000 0.96 97.18 30 0.29
#25 0.710 1.01 96.39 70 0.71
#35 0.500 2.04 94.79 40 0.82
#45 0.355 5.03 90.85 20 1.01
#60 0.250 12.11 81.37 3 0.36
#80 0.180 45.52 45.73 1 0.46
#120 0.125 45.89 9.80 1 0.46
#170 0.090 8.64 3.04 1 0.09
#230 0.063 1.55 1.82 1 0.02

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, greenish gray (SP)

43.6-44.1 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-204Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.0-45.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-204  
Sample No.: 2
Description:

Tare Weight, (g):  49.73
165.79 (with tare)

Dry Weight After Washing (g): 133.05 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.04 99.97 100 0.04
#10 2.000 0.14 99.84 5 0.01
#14 1.400 0.11 99.75 5 0.01
#18 1.000 0.03 99.72 5 0.00
#25 0.710 0.09 99.65 10 0.01
#35 0.500 0.06 99.60 5 0.00
#45 0.355 0.25 99.38 5 0.01
#60 0.250 0.58 98.88 3 0.02
#80 0.180 2.91 96.37 1 0.03
#120 0.125 31.46 69.27 1 0.31
#170 0.090 25.46 47.33 1 0.25
#230 0.063 18.57 31.33 1 0.19

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-204Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, dark greenish 

gray (SC)

45.0-45.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.6-48.1
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-204  
Sample No.: 3
Description:

Tare Weight, (g):  50.04
143.4 (with tare)

Dry Weight After Washing (g): 91.5 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.01 99.99 25 0.00
#18 1.000 0.02 99.97 3 0.00
#25 0.710 0.04 99.93 3 0.00
#35 0.500 0.06 99.86 3 0.00
#45 0.355 0.05 99.81 1 0.00
#60 0.250 0.10 99.70 1 0.00
#80 0.180 0.55 99.11 1 0.01
#120 0.125 8.06 90.48 1 0.08
#170 0.090 16.48 72.83 1 0.16
#230 0.063 13.96 57.87 1 0.14

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, very dark greenish 
gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-204Boring No.

Classification
CLAY, inorganic-H, some fine-grained 

quartz sand, very dark greenish gray (CH)
47.6-48.1

Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.5-51.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-204  
Sample No.: 4
Description:

Tare Weight, (g):  50.25
139.53 (with tare)

Dry Weight After Washing (g): 79.93 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.02 99.98 0 0.00
#14 1.400 0.01 99.97 0 0.00
#18 1.000 0.02 99.94 3 0.00
#25 0.710 0.02 99.92 1 0.00
#35 0.500 0.01 99.91 0 0.00
#45 0.355 0.02 99.89 1 0.00
#60 0.250 0.02 99.87 0 0.00
#80 0.180 0.38 99.44 0 0.00
#120 0.125 4.99 93.85 1 0.05
#170 0.090 10.40 82.20 0 0.00
#230 0.063 11.31 69.53 0 0.00

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, very dark greenish 
gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-204Boring No.

Classification
CLAY, inorganic-H, some fine-grained 

quartz sand, very dark greenish gray (CH)
50.5-51.0

Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.2-43.7
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-205  
Sample No.: 1
Description:

Tare Weight, (g):  50.13
172.2 (with tare)

Dry Weight After Washing (g): 169.87 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.11 99.91 100 0.11
#7 2.800 0.46 99.53 100 0.46
#10 2.000 0.65 99.00 100 0.65
#14 1.400 0.81 98.34 100 0.81
#18 1.000 0.88 97.62 100 0.88
#25 0.710 0.90 96.88 90 0.81
#35 0.500 1.35 95.77 60 0.81
#45 0.355 5.17 91.54 20 1.03
#60 0.250 14.84 79.38 3 0.45
#80 0.180 40.56 46.15 1 0.41
#120 0.125 43.13 10.82 1 0.43
#170 0.090 9.20 3.29 1 0.09
#230 0.063 1.31 2.21 1 0.01

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, dark 
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

6
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, dark greenish gray 

(SP)

43.2-43.7 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-205Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.2-45.7
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-205  
Sample No.: 2
Description:

Tare Weight, (g):  50.06
145.98 (with tare)

Dry Weight After Washing (g): 86.72 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.06 99.94 0 0.00
#18 1.000 0.03 99.91 0 0.00
#25 0.710 0.02 99.89 10 0.00
#35 0.500 0.04 99.84 20 0.01
#45 0.355 0.07 99.77 30 0.02
#60 0.250 0.16 99.60 20 0.03
#80 0.180 0.47 99.11 5 0.02
#120 0.125 4.62 94.30 1 0.05
#170 0.090 16.65 76.94 1 0.17
#230 0.063 12.20 64.22 1 0.12

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand,dark greenish gray 
(CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-205Boring No.

Classification
CLAY, inorganic-H, some fine-grained 
quartz sand,dark greenish gray (CH)

45.2-45.7
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.2-47.7
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-205  
Sample No.: 3
Description:

Tare Weight, (g):  50.26
155.6 (with tare)

Dry Weight After Washing (g): 199.93 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.08 99.92 20 0.02
#14 1.400 0.13 99.80 20 0.03
#18 1.000 0.60 99.23 50 0.30
#25 0.710 0.05 99.18 30 0.02
#35 0.500 0.04 99.15 30 0.01
#45 0.355 0.08 99.07 20 0.02
#60 0.250 0.19 98.89 20 0.04
#80 0.180 0.67 98.25 20 0.13
#120 0.125 21.78 77.58 2 0.44
#170 0.090 31.33 47.84 1 0.31
#230 0.063 12.11 36.34 1 0.12

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
trace organic matter, very dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-205Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, trace organic 

matter, very dark greenish gray (SC)

47.2-47.7
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.0-50.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-205  
Sample No.: 4
Description:

Tare Weight, (g):  50.23
156.6 (with tare)

Dry Weight After Washing (g): 118.92 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.34 99.68 20 0.07
#18 1.000 0.30 99.40 20 0.06
#25 0.710 0.48 98.95 10 0.05
#35 0.500 0.75 98.24 5 0.04
#45 0.355 0.87 97.42 5 0.04
#60 0.250 0.98 96.50 2 0.02
#80 0.180 1.38 95.21 2 0.03
#120 0.125 21.95 74.57 1 0.22
#170 0.090 26.94 49.24 1 0.27
#230 0.063 12.14 37.83 1 0.12

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
trace organic matter, dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-205Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, trace organic 

matter, dark greenish gray (SC)

50.0-50.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 53.0-53.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-205  
Sample No.: 5
Description:

Tare Weight, (g):  49.34
170.08 (with tare)

Dry Weight After Washing (g): 146.73 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.32 99.73 10 0.03
#18 1.000 0.08 99.67 5 0.00
#25 0.710 0.08 99.60 5 0.00
#35 0.500 0.12 99.50 10 0.01
#45 0.355 0.15 99.38 10 0.02
#60 0.250 0.30 99.13 10 0.03
#80 0.180 2.64 96.94 5 0.13
#120 0.125 56.49 50.16 1 0.56
#170 0.090 24.05 30.24 1 0.24
#230 0.063 10.56 21.49 1 0.11

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, trace carbonate, 
dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-205Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
little clay, trace carbonate, dark greenish 

gray (SC)

53.0-53.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.2-44.7
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-206  
Sample No.: 1
Description:

Tare Weight, (g):  49.80
181.88 (with tare)

Dry Weight After Washing (g): 162.94 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 3.15 97.62 50 1.58
#4 4.750 3.00 95.34 100 3.00
#7 2.800 5.94 90.85 70 4.16
#10 2.000 4.19 87.67 50 2.10
#14 1.400 4.14 84.54 40 1.66
#18 1.000 2.80 82.42 30 0.84
#25 0.710 1.69 81.14 30 0.51
#35 0.500 1.26 80.19 30 0.38
#45 0.355 1.32 79.19 10 0.13
#60 0.250 1.81 77.82 5 0.09
#80 0.180 17.32 64.70 1 0.17
#120 0.125 54.78 23.23 1 0.55
#170 0.090 8.87 16.51 1 0.09
#230 0.063 2.38 14.71 1 0.02

Total Shell Content:  12 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, few carbonate, few 
fragmented limestone, olive gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

12 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-206Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, few carbonate, few fragmented 
limestone, olive gray (SM)

44.2-44.7
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.2-46.7
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-207  
Sample No.: 1
Description:

Tare Weight, (g):  50.41
168.66 (with tare)

Dry Weight After Washing (g): 157.43 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.67 99.43 100 0.67
#7 2.800 0.50 99.01 90 0.45
#10 2.000 0.87 98.27 90 0.78
#14 1.400 1.88 96.68 90 1.69
#18 1.000 2.03 94.97 80 1.62
#25 0.710 1.77 93.47 70 1.24
#35 0.500 1.65 92.08 40 0.66
#45 0.355 1.84 90.52 20 0.37
#60 0.250 1.83 88.97 10 0.18
#80 0.180 5.55 84.28 2 0.11
#120 0.125 74.39 21.37 1 0.74
#170 0.090 11.34 11.78 1 0.11
#230 0.063 2.28 9.85 1 0.02

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-207Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, trace 
fragmented limestone, olive gray (SP-SM)

46.2-46.7
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.0-48.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-207  
Sample No.: 2
Description:

Tare Weight, (g):  50.10
170.89 (with tare)

Dry Weight After Washing (g): 158.6 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.48 99.60 0 0.00
#7 2.800 0.64 99.07 50 0.32
#10 2.000 0.84 98.38 70 0.59
#14 1.400 0.90 97.63 70 0.63
#18 1.000 0.66 97.09 60 0.40
#25 0.710 0.65 96.55 30 0.20
#35 0.500 0.49 96.14 10 0.05
#45 0.355 0.60 95.65 10 0.06
#60 0.250 0.72 95.05 5 0.04
#80 0.180 4.04 91.70 2 0.08
#120 0.125 86.91 19.75 1 0.87
#170 0.090 9.08 12.24 1 0.09
#230 0.063 2.00 10.58 1 0.02

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-207Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, olive gray (SP-
SM)

48.0-48.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.0-49.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-208  
Sample No.: 1
Description:

Tare Weight, (g):  50.42
162.17 (with tare)

Dry Weight After Washing (g): 157.53 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.40 99.64 80 0.32
#7 2.800 0.75 98.97 90 0.68
#10 2.000 0.82 98.24 70 0.57
#14 1.400 0.87 97.46 70 0.61
#18 1.000 0.90 96.65 70 0.63
#25 0.710 0.90 95.85 70 0.63
#35 0.500 0.99 94.96 70 0.69
#45 0.355 1.32 93.78 60 0.79
#60 0.250 2.82 91.26 30 0.85
#80 0.180 25.64 68.31 3 0.77
#120 0.125 59.28 15.27 1 0.59
#170 0.090 10.25 6.09 1 0.10
#230 0.063 1.66 4.61 1 0.02

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, very dark greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

6
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 
limestone, very dark greenish gray (SP)

49.0-49.5 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-208Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.0-51.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-208  
Sample No.: 2
Description:

Tare Weight, (g):  50.56
171.91 (with tare)

Dry Weight After Washing (g): 160.89 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.12 99.90 100 0.12
#7 2.800 0.49 99.50 90 0.44
#10 2.000 0.53 99.06 90 0.48
#14 1.400 0.41 98.72 80 0.33
#18 1.000 0.40 98.39 80 0.32
#25 0.710 0.35 98.10 80 0.28
#35 0.500 0.40 97.78 60 0.24
#45 0.355 0.45 97.40 40 0.18
#60 0.250 0.70 96.83 20 0.14
#80 0.180 13.63 85.60 2 0.27
#120 0.125 74.98 23.81 1 0.75
#170 0.090 14.11 12.18 1 0.14
#230 0.063 3.16 9.58 1 0.03

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-208Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

olive gray (SP-SM)

51.0-51.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.3-47.8
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-210  
Sample No.: 1
Description:

Tare Weight, (g):  50.52
179.42 (with tare)

Dry Weight After Washing (g): 177.91 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 7.50 94.18 70 5.25
#4 4.750 5.82 89.67 70 4.07
#7 2.800 6.95 84.27 60 4.17
#10 2.000 5.62 79.91 60 3.37
#14 1.400 7.06 74.44 60 4.24
#18 1.000 6.50 69.39 50 3.25
#25 0.710 8.78 62.58 40 3.51
#35 0.500 21.68 45.76 20 4.34
#45 0.355 27.55 24.39 5 1.38
#60 0.250 15.23 12.58 2 0.30
#80 0.180 8.51 5.97 1 0.09
#120 0.125 4.31 2.63 1 0.04
#170 0.090 1.33 1.60 1 0.01
#230 0.063 0.39 1.30 1 0.00

Total Shell Content:  26 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, few fine 
gravel-size carbonate, few coarse-grained carbonate, trace fragmented 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

26 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-210Boring No.

Classification
SAND, poorly-graded, mostly medium to 
fine-grained quartz, few fine gravel-size 

carbonate, few coarse-grained carbonate, 
trace fragmented limestone, olive gray (SP)

47.3-47.8
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.1-49.6
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-211  
Sample No.: 1
Description:

Tare Weight, (g):  49.88
173.91 (with tare)

Dry Weight After Washing (g): 171.3 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.79 98.56 90 1.61
#7 2.800 1.85 97.07 80 1.48
#10 2.000 1.23 96.07 80 0.98
#14 1.400 1.47 94.89 90 1.32
#18 1.000 1.32 93.82 80 1.06
#25 0.710 1.58 92.55 70 1.11
#35 0.500 2.98 90.15 40 1.19
#45 0.355 8.26 83.49 20 1.65
#60 0.250 21.44 66.20 3 0.64
#80 0.180 47.57 27.85 1 0.48
#120 0.125 24.01 8.49 1 0.24
#170 0.090 6.49 3.26 1 0.06
#230 0.063 1.13 2.35 1 0.01

Total Shell Content:  10 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, olive 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

10
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, olive gray (SP)
49.1-49.6 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-211Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.7-50.2
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-212A  
Sample No.: 1
Description:

Tare Weight, (g):  50.51
187.75 (with tare)

Dry Weight After Washing (g): 185.84 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.63 98.81 100 1.63
#4 4.750 0.86 98.19 100 0.86
#7 2.800 3.63 95.54 100 3.63
#10 2.000 2.46 93.75 95 2.34
#14 1.400 2.75 91.74 80 2.20
#18 1.000 2.24 90.11 70 1.57
#25 0.710 2.41 88.36 60 1.45
#35 0.500 5.10 84.64 30 1.53
#45 0.355 13.22 75.01 10 1.32
#60 0.250 26.61 55.62 3 0.80
#80 0.180 50.56 18.78 1 0.51
#120 0.125 18.70 5.15 1 0.19
#170 0.090 3.82 2.37 1 0.04
#230 0.063 0.72 1.84 1 0.01

Total Shell Content:  13 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, very 
dark greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

13
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, very dark greenish 

gray (SP)

49.7-50.2 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-212ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.2-51.7
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-212A  
Sample No.: 2
Description:

Tare Weight, (g):  50.47
170.22 (with tare)

Dry Weight After Washing (g): 153.63 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.35 99.71 100 0.35
#7 2.800 0.06 99.66 100 0.06
#10 2.000 0.15 99.53 100 0.15
#14 1.400 0.20 99.37 90 0.18
#18 1.000 0.28 99.13 90 0.25
#25 0.710 0.43 98.77 80 0.34
#35 0.500 0.73 98.16 60 0.44
#45 0.355 1.32 97.06 30 0.40
#60 0.250 2.41 95.05 10 0.24
#80 0.180 7.46 88.82 5 0.37
#120 0.125 59.91 38.79 1 0.60
#170 0.090 18.69 23.18 1 0.19
#230 0.063 8.79 15.84 1 0.09

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, dark greenish gray (SM)

51.2-51.7 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-212ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 53.0-53.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-212A  
Sample No.: 3
Description:

Tare Weight, (g):  50.37
165.92 (with tare)

Dry Weight After Washing (g): 145.58 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.07 99.94 10 0.01
#18 1.000 0.02 99.92 50 0.01
#25 0.710 0.03 99.90 80 0.02
#35 0.500 0.06 99.84 80 0.05
#45 0.355 0.25 99.63 70 0.18
#60 0.250 0.63 99.08 60 0.38
#80 0.180 2.36 97.04 40 0.94
#120 0.125 54.05 50.26 2 1.08
#170 0.090 25.23 28.43 1 0.25
#230 0.063 9.69 20.04 1 0.10

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
organic matter, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 
silt, trace carbonate, trace organic matter, 

dark greenish gray (SM)

53.0-53.5 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-212ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 56.0-56.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-212A  
Sample No.: 4
Description:

Tare Weight, (g):  50.32
159.06 (with tare)

Dry Weight After Washing (g): 127.21 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.46 99.58 100 0.46
#7 2.800 0.00 99.58 0 0.00
#10 2.000 0.08 99.50 20 0.02
#14 1.400 0.09 99.42 40 0.04
#18 1.000 0.08 99.35 80 0.06
#25 0.710 0.06 99.29 90 0.05
#35 0.500 0.06 99.24 80 0.05
#45 0.355 0.11 99.14 70 0.08
#60 0.250 0.31 98.85 50 0.16
#80 0.180 1.86 97.14 30 0.56
#120 0.125 42.73 57.84 2 0.85
#170 0.090 19.26 40.13 1 0.19
#230 0.063 9.42 31.47 1 0.09

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, some silt, trace carbonate, 
trace organic matter, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, 
some silt, trace carbonate, trace organic 

matter, dark greenish gray (SM)

56.0-56.5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-212ABoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.9-50.4
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-213  
Sample No.: 1
Description:

Tare Weight, (g):  49.89
178.25 (with tare)

Dry Weight After Washing (g): 176.04 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.19 99.07 100 1.19
#4 4.750 1.94 97.56 100 1.94
#7 2.800 2.21 95.84 100 2.21
#10 2.000 1.66 94.55 90 1.49
#14 1.400 1.92 93.05 90 1.73
#18 1.000 2.01 91.48 80 1.61
#25 0.710 2.37 89.64 70 1.66
#35 0.500 4.41 86.20 40 1.76
#45 0.355 11.22 77.46 20 2.24
#60 0.250 17.20 64.06 5 0.86
#80 0.180 48.31 26.42 1 0.48
#120 0.125 25.52 6.54 1 0.26
#170 0.090 5.19 2.50 1 0.05
#230 0.063 0.91 1.79 1 0.01

Total Shell Content:  14 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little coarse to 
medium-grained carbonate, olive gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

14
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, little coarse to medium-grained 
carbonate, olive gray (SP)

49.9-50.4 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-213Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.5-51.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-214  
Sample No.: 1
Description:

Tare Weight, (g):  50.19
139.59 (with tare)

Dry Weight After Washing (g): 82.68 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.07 99.92 20 0.01
#14 1.400 0.08 99.83 50 0.04
#18 1.000 0.07 99.75 50 0.04
#25 0.710 0.11 99.63 40 0.04
#35 0.500 0.12 99.50 40 0.05
#45 0.355 0.18 99.30 40 0.07
#60 0.250 0.50 98.74 20 0.10
#80 0.180 1.99 96.51 3 0.06
#120 0.125 5.09 90.82 1 0.05
#170 0.090 11.70 77.73 1 0.12
#230 0.063 10.84 65.60 1 0.11

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, trace carbonate, 
trace clay clumps, dark greenish gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
CLAY, inorganic-H, some fine-grained 

quartz sand, trace carbonate, trace clay 
clumps, dark greenish gray (CH)

50.5-51.0 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-214Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.5-53.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-214  
Sample No.: 2
Description:

Tare Weight, (g):  50.35
137.93 (with tare)

Dry Weight After Washing (g): 72.76 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.04 99.95 20 0.01
#18 1.000 0.04 99.91 40 0.02
#25 0.710 0.03 99.87 40 0.01
#35 0.500 0.06 99.81 50 0.03
#45 0.355 0.15 99.63 40 0.06
#60 0.250 0.31 99.28 20 0.06
#80 0.180 1.17 97.94 3 0.04
#120 0.125 3.86 93.54 1 0.04
#170 0.090 8.11 84.28 1 0.08
#230 0.063 7.55 75.66 1 0.08

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, little fine-grained quartz sand, trace clay clumps, 
dark greenish gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-214Boring No.

Classification
CLAY, inorganic-H, little fine-grained quartz 
sand, trace clay clumps, dark greenish gray 

(CH)

52.5-53.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 54.5-55.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-214  
Sample No.: 3
Description:

Tare Weight, (g):  50.48
154.41 (with tare)

Dry Weight After Washing (g): 119.96 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.04 99.96 40 0.02
#14 1.400 0.07 99.89 20 0.01
#18 1.000 0.20 99.70 20 0.04
#25 0.710 0.27 99.44 10 0.03
#35 0.500 0.50 98.96 10 0.05
#45 0.355 0.77 98.22 5 0.04
#60 0.250 0.98 97.28 5 0.05
#80 0.180 1.92 95.43 5 0.10
#120 0.125 33.46 63.23 1 0.33
#170 0.090 21.34 42.70 1 0.21
#230 0.063 8.35 34.67 1 0.08

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, dark greenish 

gray (SC)

54.5-55.0 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-214Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 55.7-56.2
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-214  
Sample No.: 4
Description:

Tare Weight, (g):  48.62
163.38 (with tare)

Dry Weight After Washing (g): 129.96 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.13 99.89 100 0.13
#10 2.000 0.08 99.82 90 0.07
#14 1.400 0.22 99.63 60 0.13
#18 1.000 0.20 99.45 40 0.08
#25 0.710 0.28 99.21 30 0.08
#35 0.500 0.49 98.78 20 0.10
#45 0.355 0.85 98.04 20 0.17
#60 0.250 1.37 96.85 10 0.14
#80 0.180 4.37 93.04 3 0.13
#120 0.125 40.14 58.06 1 0.40
#170 0.090 24.77 36.48 1 0.25
#230 0.063 7.29 30.12 1 0.07

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, dark greenish 

gray (SC)

55.7-56.2 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-214Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.4-49.9
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-215  
Sample No.: 1
Description:

Tare Weight, (g):  49.82
164.6 (with tare)

Dry Weight After Washing (g): 154.28 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.29 99.75 90 0.26
#10 2.000 0.51 99.30 70 0.36
#14 1.400 0.68 98.71 70 0.48
#18 1.000 0.92 97.91 60 0.55
#25 0.710 1.29 96.79 40 0.52
#35 0.500 2.18 94.89 20 0.44
#45 0.355 3.34 91.98 5 0.17
#60 0.250 6.01 86.74 2 0.12
#80 0.180 29.01 61.47 1 0.29
#120 0.125 49.01 18.77 1 0.49
#170 0.090 8.81 11.09 1 0.09
#230 0.063 2.00 9.35 1 0.02

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, olive gray (SP-
SM)

49.4-49.9 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-215Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.6-51.1
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-215  
Sample No.: 2
Description:

Tare Weight, (g):  50.57
174.81 (with tare)

Dry Weight After Washing (g): 164.58 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 10.99 91.15 0 0.00
3/8" 9.500 13.72 80.11 10 1.37
#4 4.750 7.82 73.82 10 0.78
#7 2.800 4.31 70.35 30 1.29
#10 2.000 3.34 67.66 40 1.34
#14 1.400 4.01 64.43 20 0.80
#18 1.000 3.55 61.57 20 0.71
#25 0.710 3.18 59.01 10 0.32
#35 0.500 3.19 56.45 5 0.16
#45 0.355 3.19 53.88 5 0.16
#60 0.250 3.76 50.85 2 0.08
#80 0.180 10.19 42.65 1 0.10
#120 0.125 32.65 16.37 1 0.33
#170 0.090 7.55 10.29 1 0.08
#230 0.063 1.75 8.89 1 0.02

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, some fine-grained quartz, little coarse to 
fine gravel-size fragmented limestone, little coarse toe medium-grained 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

6
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, some fine-
grained quartz, little coarse to fine gravel-

size fragmented limestone, little coarse toe 
medium-grained fragmented limestone, few 

carbonate, few silt, olive gray (SP-SM)

50.6-51.1 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-215Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.7-52.2
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-215  
Sample No.: 3
Description:

Tare Weight, (g):  50.28
175.92 (with tare)

Dry Weight After Washing (g): 156.13 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.41 98.88 0 0.00
#4 4.750 5.28 94.68 0 0.00
#7 2.800 1.32 93.62 20 0.26
#10 2.000 1.20 92.67 20 0.24
#14 1.400 1.38 91.57 10 0.14
#18 1.000 1.36 90.49 10 0.14
#25 0.710 2.07 88.84 5 0.10
#35 0.500 2.65 86.73 3 0.08
#45 0.355 2.12 85.04 2 0.04
#60 0.250 1.81 83.60 1 0.02
#80 0.180 4.75 79.82 1 0.05
#120 0.125 61.82 30.62 1 0.62
#170 0.090 13.73 19.69 1 0.14
#230 0.063 4.14 16.40 1 0.04

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, few fragmented 
limestone, trace carbonate, olive gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

silt, few fragmented limestone, trace 
carbonate, olive gray (SM)

51.7-52.2 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-215Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.2-48.7
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-216  
Sample No.: 1
Description:

Tare Weight, (g):  50.39
173.25 (with tare)

Dry Weight After Washing (g): 171.1 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.06 98.32 100 2.06
#4 4.750 9.33 90.73 90 8.40
#7 2.800 7.83 84.36 80 6.26
#10 2.000 4.97 80.31 80 3.98
#14 1.400 5.39 75.92 70 3.77
#18 1.000 3.73 72.89 50 1.87
#25 0.710 3.21 70.28 30 0.96
#35 0.500 3.96 67.05 10 0.40
#45 0.355 4.29 63.56 5 0.21
#60 0.250 7.19 57.71 1 0.07
#80 0.180 35.93 28.46 1 0.36
#120 0.125 26.94 6.54 1 0.27
#170 0.090 4.95 2.51 1 0.05
#230 0.063 0.75 1.90 1 0.01

Total Shell Content:  23 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few fine gravel-size 
carbonate, few coarse-grained carbonate, trace fragmented limestone, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

23
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few fine gravel-size carbonate, few 

coarse-grained carbonate, trace fragmented 
limestone, very dark greenish gray (SP)

48.2-48.7 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-216Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.0-49.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-216  
Sample No.: 2
Description:

Tare Weight, (g):  50.56
174.83 (with tare)

Dry Weight After Washing (g): 159.96 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.32 98.13 0 0.00
#4 4.750 3.39 95.41 90 3.05
#7 2.800 5.51 90.97 90 4.96
#10 2.000 4.29 87.52 90 3.86
#14 1.400 4.43 83.95 90 3.99
#18 1.000 3.50 81.14 80 2.80
#25 0.710 3.00 78.72 60 1.80
#35 0.500 3.23 76.12 20 0.65
#45 0.355 4.35 72.62 10 0.44
#60 0.250 6.89 67.08 5 0.34
#80 0.180 27.16 45.22 2 0.54
#120 0.125 29.98 21.10 1 0.30
#170 0.090 8.69 14.11 1 0.09
#230 0.063 2.26 12.29 1 0.02

Total Shell Content:  18 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few fine 
gravel-size carbonate, few coare to medium-grained carbonate, few 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

18
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-

grained quartz, few fine gravel-size 
carbonate, few coare to medium-grained 

carbonate, few silt, trace fragmented 
limestone, dark greenish gray (SP-SM)

49.0-49.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-216Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.3-45.8
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-218  
Sample No.: 1
Description:

Tare Weight, (g):  50.40
175.64 (with tare)

Dry Weight After Washing (g): 166.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 2.85 97.72 80 2.28
#7 2.800 2.53 95.70 90 2.28
#10 2.000 2.18 93.96 90 1.96
#14 1.400 2.85 91.69 80 2.28
#18 1.000 2.10 90.01 80 1.68
#25 0.710 1.97 88.44 70 1.38
#35 0.500 2.24 86.65 50 1.12
#45 0.355 2.89 84.34 30 0.87
#60 0.250 5.65 79.83 10 0.57
#80 0.180 29.88 55.97 1 0.30
#120 0.125 49.79 16.22 1 0.50
#170 0.090 9.77 8.42 1 0.10
#230 0.063 1.63 7.11 1 0.02

Total Shell Content:  12 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

12
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, olive 
gray (SP-SM)

45.3-45.8 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-218Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 42.7-43.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-219  
Sample No.: 1
Description:

Tare Weight, (g):  49.73
169.26 (with tare)

Dry Weight After Washing (g): 167.41 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.16 99.87 100 0.16
#7 2.800 1.00 99.03 100 1.00
#10 2.000 0.89 98.28 100 0.89
#14 1.400 1.37 97.14 100 1.37
#18 1.000 1.25 96.09 90 1.13
#25 0.710 1.34 94.97 80 1.07
#35 0.500 1.88 93.40 60 1.13
#45 0.355 3.21 90.71 30 0.96
#60 0.250 7.27 84.63 5 0.36
#80 0.180 42.69 48.92 1 0.43
#120 0.125 46.50 10.01 1 0.47
#170 0.090 8.76 2.69 1 0.09
#230 0.063 1.05 1.81 1 0.01

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, dark 
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-219Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, dark greenish gray 

(SP)

42.7-43.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 44.2-44.7
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-220  
Sample No.: 1
Description:

Tare Weight, (g):  50.30
171.58 (with tare)

Dry Weight After Washing (g): 169.87 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.08 99.11 80 0.86
#7 2.800 1.53 97.85 80 1.22
#10 2.000 1.54 96.58 90 1.39
#14 1.400 2.03 94.90 90 1.83
#18 1.000 1.67 93.53 80 1.34
#25 0.710 1.75 92.08 70 1.23
#35 0.500 2.28 90.20 40 0.91
#45 0.355 4.43 86.55 10 0.44
#60 0.250 9.59 78.64 5 0.48
#80 0.180 35.05 49.74 1 0.35
#120 0.125 49.55 8.89 1 0.50
#170 0.090 7.82 2.44 1 0.08
#230 0.063 0.95 1.66 1 0.01

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, dark 
greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-220Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, dark greenish gray 

(SP)

44.2-44.7
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.0-46.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-220  
Sample No.: 2
Description:

Tare Weight, (g):  49.98
174.32 (with tare)

Dry Weight After Washing (g): 162.64 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.29 99.77 100 0.29
#10 2.000 0.31 99.52 100 0.31
#14 1.400 0.35 99.24 90 0.32
#18 1.000 0.29 99.00 90 0.26
#25 0.710 0.40 98.68 90 0.36
#35 0.500 0.63 98.17 80 0.50
#45 0.355 0.96 97.40 50 0.48
#60 0.250 1.67 96.06 30 0.50
#80 0.180 31.80 70.48 2 0.64
#120 0.125 62.05 20.58 1 0.62
#170 0.090 10.54 12.10 1 0.11
#230 0.063 2.92 9.76 1 0.03

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

olive gray (SP-SM)

46.0-46.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-220Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.7-47.2
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-221  
Sample No.: 1
Description:

Tare Weight, (g):  50.66
173.4 (with tare)

Dry Weight After Washing (g): 170.17 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.81 99.34 100 0.81
#7 2.800 2.61 97.21 100 2.61
#10 2.000 2.35 95.30 80 1.88
#14 1.400 2.59 93.19 80 2.07
#18 1.000 1.95 91.60 80 1.56
#25 0.710 1.61 90.29 80 1.29
#35 0.500 1.83 88.80 70 1.28
#45 0.355 2.62 86.66 40 1.05
#60 0.250 6.13 81.67 10 0.61
#80 0.180 36.78 51.70 2 0.74
#120 0.125 48.56 12.14 1 0.49
#170 0.090 10.16 3.86 1 0.10
#230 0.063 1.47 2.66 1 0.01

Total Shell Content:  12 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, dark greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

12 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-221Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, dark greenish gray (SP)

46.7-47.2
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.5-49.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-221  
Sample No.: 2
Description:

Tare Weight, (g):  50.05
167.92 (with tare)

Dry Weight After Washing (g): 148.13 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 2.29 98.06 95 2.18
#7 2.800 5.16 93.68 100 5.16
#10 2.000 3.42 90.78 95 3.25
#14 1.400 3.35 87.94 95 3.18
#18 1.000 2.79 85.57 95 2.65
#25 0.710 2.80 83.19 90 2.52
#35 0.500 2.94 80.70 70 2.06
#45 0.355 3.45 77.77 40 1.38
#60 0.250 4.97 73.56 20 0.99
#80 0.180 16.22 59.79 2 0.32
#120 0.125 41.05 24.97 1 0.41
#170 0.090 7.91 18.26 1 0.08
#230 0.063 1.78 16.75 1 0.02

Total Shell Content:  21 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little coarse to medium-grained 
carbonate, little silt, dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

21 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-221Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 
coarse to medium-grained carbonate, little 

silt, dark greenish gray (SM)

48.5-49.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.4-45.9
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-222  
Sample No.: 1
Description:

Tare Weight, (g):  50.62
170.42 (with tare)

Dry Weight After Washing (g): 168.34 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.62 98.65 100 1.62
#7 2.800 3.73 95.53 90 3.36
#10 2.000 2.45 93.49 90 2.21
#14 1.400 2.82 91.14 90 2.54
#18 1.000 2.07 89.41 80 1.66
#25 0.710 1.79 87.91 60 1.07
#35 0.500 3.11 85.32 30 0.93
#45 0.355 7.38 79.16 10 0.74
#60 0.250 16.85 65.09 2 0.34
#80 0.180 48.27 24.80 1 0.48
#120 0.125 22.97 5.63 1 0.23
#170 0.090 4.03 2.26 1 0.04
#230 0.063 0.45 1.89 1 0.00

Total Shell Content:  13 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, olive 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

13 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-222Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, olive gray (SP)
45.4-45.9

Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.0-47.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-222  
Sample No.: 2
Description:

Tare Weight, (g):  50.29
174.46 (with tare)

Dry Weight After Washing (g): 170.37 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 9.88 92.04 70 6.92
#4 4.750 13.71 81.00 50 6.86
#7 2.800 10.83 72.28 50 5.42
#10 2.000 6.03 67.42 50 3.02
#14 1.400 5.64 62.88 50 2.82
#18 1.000 3.79 59.83 50 1.90
#25 0.710 2.76 57.61 30 0.83
#35 0.500 2.82 55.34 10 0.28
#45 0.355 4.76 51.50 5 0.24
#60 0.250 8.85 44.37 2 0.18
#80 0.180 26.05 23.40 1 0.26
#120 0.125 18.42 8.56 1 0.18
#170 0.090 5.33 4.27 1 0.05
#230 0.063 1.07 3.41 1 0.01

Total Shell Content:  23 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little coarse to 
medium-grained fragmented limestone, few fine gravel-size carbonate, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

23 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-222Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, little coarse to medium-grained 
fragmented limestone, few fine gravel-size 
carbonate, few coarse to medium-grained 
carbonate, few fine gravel-size fragmented 

limestone, olive gray (SP)

47.0-47.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.4-48.9
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-222  
Sample No.: 3
Description:

Tare Weight, (g):  50.13
163.58 (with tare)

Dry Weight After Washing (g): 145.45 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.41 98.76 100 1.41
#7 2.800 1.64 97.31 100 1.64
#10 2.000 1.77 95.75 100 1.77
#14 1.400 2.41 93.63 100 2.41
#18 1.000 2.00 91.86 100 2.00
#25 0.710 1.87 90.22 90 1.68
#35 0.500 1.83 88.60 70 1.28
#45 0.355 1.85 86.97 40 0.74
#60 0.250 2.25 84.99 20 0.45
#80 0.180 7.39 78.48 2 0.15
#120 0.125 56.34 28.81 1 0.56
#170 0.090 11.72 18.48 1 0.12
#230 0.063 2.59 16.20 1 0.03

Total Shell Content:  13 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, few silt, few carbonate, olive 
gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

13 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-222Boring No.

Classification
SAND, silty, mostly fine-grained quartz, few 

silt, few carbonate, olive gray (SM)
48.4-48.9

Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.5-44.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-223  
Sample No.: 1
Description:

Tare Weight, (g):  49.76
173.63 (with tare)

Dry Weight After Washing (g): 172.25 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.36 99.71 100 0.36
#4 4.750 1.00 98.90 100 1.00
#7 2.800 0.94 98.14 100 0.94
#10 2.000 0.69 97.59 100 0.69
#14 1.400 1.08 96.71 100 1.08
#18 1.000 0.99 95.92 100 0.99
#25 0.710 1.34 94.83 90 1.21
#35 0.500 4.22 91.43 40 1.69
#45 0.355 10.13 83.25 10 1.01
#60 0.250 19.73 67.32 2 0.39
#80 0.180 52.93 24.59 1 0.53
#120 0.125 24.67 4.67 1 0.25
#170 0.090 4.27 1.23 1 0.04
#230 0.063 0.35 0.94 1 0.00

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, olive 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, olive gray (SP)
43.5-44.0 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-223Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.0-45.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-223  
Sample No.: 2
Description:

Tare Weight, (g):  49.92
178.14 (with tare)

Dry Weight After Washing (g): 176.66 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.71 97.89 100 2.71
#4 4.750 3.05 95.51 100 3.05
#7 2.800 3.52 92.76 100 3.52
#10 2.000 2.13 91.10 100 2.13
#14 1.400 1.96 89.57 100 1.96
#18 1.000 1.72 88.23 100 1.72
#25 0.710 1.92 86.73 80 1.54
#35 0.500 5.32 82.58 30 1.60
#45 0.355 12.55 72.80 10 1.26
#60 0.250 20.27 56.99 2 0.41
#80 0.180 47.53 19.92 1 0.48
#120 0.125 20.24 4.13 1 0.20
#170 0.090 3.29 1.57 1 0.03
#230 0.063 0.36 1.29 1 0.00

Total Shell Content:  16 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few coarse to 
medium-grained carbonate, few fine gravel-size carbonate, olive gray 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

16 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-223Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few coarse to medium-grained 
carbonate, few fine gravel-size carbonate, 

olive gray (SP)

45.0-45.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.5-47.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-223  
Sample No.: 3
Description:

Tare Weight, (g):  49.50
172 (with tare)

Dry Weight After Washing (g): 149.49 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.32 98.92 100 1.32
#7 2.800 2.20 97.13 90 1.98
#10 2.000 1.90 95.58 90 1.71
#14 1.400 2.01 93.93 70 1.41
#18 1.000 1.73 92.52 50 0.87
#25 0.710 2.09 90.82 40 0.84
#35 0.500 2.19 89.03 20 0.44
#45 0.355 2.82 86.73 10 0.28
#60 0.250 4.24 83.27 5 0.21
#80 0.180 10.14 74.99 1 0.10
#120 0.125 37.81 44.12 1 0.38
#170 0.090 19.62 28.11 1 0.20
#230 0.063 10.71 19.36 1 0.11

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, few carbonate, trace 
fragmented limestone, olive gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-223Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, few carbonate, trace fragmented 
limestone, olive gray (SM)

46.5-47.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.4-46.9
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-224  
Sample No.: 1
Description:

Tare Weight, (g):  48.30
167.46 (with tare)

Dry Weight After Washing (g): 165.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.66 99.45 100 0.66
#7 2.800 1.45 98.23 100 1.45
#10 2.000 1.11 97.30 90 1.00
#14 1.400 1.18 96.31 90 1.06
#18 1.000 1.02 95.45 80 0.82
#25 0.710 1.31 94.35 70 0.92
#35 0.500 2.65 92.13 30 0.80
#45 0.355 5.24 87.73 5 0.26
#60 0.250 12.60 77.16 2 0.25
#80 0.180 59.88 26.91 1 0.60
#120 0.125 25.69 5.35 1 0.26
#170 0.090 4.33 1.71 1 0.04
#230 0.063 0.43 1.35 1 0.00

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, very 
dark greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, very dark greenish 

gray (SP)

46.4-46.9 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-224Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.4-48.9
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-224  
Sample No.: 2
Description:

Tare Weight, (g):  50.03
176.34 (with tare)

Dry Weight After Washing (g): 139.23 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.27 99.79 80 0.22
#10 2.000 0.41 99.46 40 0.16
#14 1.400 0.40 99.14 20 0.08
#18 1.000 0.51 98.74 40 0.20
#25 0.710 0.50 98.35 40 0.20
#35 0.500 0.91 97.62 20 0.18
#45 0.355 1.56 96.39 5 0.08
#60 0.250 3.14 93.90 2 0.06
#80 0.180 10.68 85.45 1 0.11
#120 0.125 49.94 45.91 1 0.50
#170 0.090 13.84 34.95 1 0.14
#230 0.063 6.16 30.08 1 0.06

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, some silt, trace carbonate, 
olive gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-224Boring No.

Classification
SAND, silty, mostly fine-grained quartz, 

some silt, trace carbonate, olive gray (SM)
48.4-48.9

Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.5-51.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-224  
Sample No.: 3
Description:

Tare Weight, (g):  50.11
174.53 (with tare)

Dry Weight After Washing (g): 147.2 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.14 99.89 75 0.11
#10 2.000 0.15 99.77 75 0.11
#14 1.400 0.16 99.64 60 0.10
#18 1.000 0.20 99.48 55 0.11
#25 0.710 0.25 99.28 30 0.08
#35 0.500 0.38 98.97 10 0.04
#45 0.355 0.41 98.64 3 0.01
#60 0.250 0.39 98.33 1 0.00
#80 0.180 1.14 97.41 1 0.01
#120 0.125 53.13 54.71 1 0.53
#170 0.090 27.32 32.75 1 0.27
#230 0.063 11.85 23.23 1 0.12

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, few silt, trace carbonate, trace 
fragmented limestone, olive gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-224Boring No.

Classification
SAND, silty, mostly fine-grained quartz, few 

silt, trace carbonate, trace fragmented 
limestone, olive gray (SM)

50.5-51.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.8-47.3
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-225b  
Sample No.: 1
Description:

Tare Weight, (g):  49.73
174.79 (with tare)

Dry Weight After Washing (g): 172.07 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.74 98.61 100 1.74
#4 4.750 1.31 97.56 100 1.31
#7 2.800 1.26 96.55 90 1.13
#10 2.000 0.93 95.81 90 0.84
#14 1.400 1.13 94.91 70 0.79
#18 1.000 1.12 94.01 65 0.73
#25 0.710 1.26 93.00 40 0.50
#35 0.500 3.67 90.07 25 0.92
#45 0.355 6.27 85.06 20 1.25
#60 0.250 10.96 76.29 3 0.33
#80 0.180 52.64 34.20 1 0.53
#120 0.125 34.59 6.54 1 0.35
#170 0.090 4.64 2.83 1 0.05
#230 0.063 0.70 2.27 1 0.01

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, very dark greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 
limestone, very dark greenish gray (SP)

46.8-47.3 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-225bBoring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.6-49.1
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-225b  
Sample No.: 2
Description:

Tare Weight, (g):  50.36
173.02 (with tare)

Dry Weight After Washing (g): 149.04 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.30 98.12 0 0.00
#4 4.750 5.47 93.67 0 0.00
#7 2.800 8.82 86.47 0 0.00
#10 2.000 6.79 80.94 0 0.00
#14 1.400 5.76 76.24 1 0.06
#18 1.000 5.38 71.86 1 0.05
#25 0.710 3.85 68.72 3 0.12
#35 0.500 3.85 65.58 1 0.04
#45 0.355 3.08 63.07 1 0.03
#60 0.250 3.45 60.26 0 0.00
#80 0.180 9.72 52.33 0 0.00
#120 0.125 24.85 32.07 0 0.00
#170 0.090 10.29 23.68 0 0.00
#230 0.063 4.01 20.41 0 0.00

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

SAND, silty, some coarse to fine-grained fragmented limestone, some 
fine-grained quartz, few fine gravel-size fragmented limestone, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-225bBoring No.

Classification
SAND, silty, some coarse to fine-grained 
fragmented limestone, some fine-grained 
quartz, few fine gravel-size fragmented 

limestone, greenish gray (SM)

48.6-49.1
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.5-51.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-225b  
Sample No.: 3
Description:

Tare Weight, (g):  50.16
172.52 (with tare)

Dry Weight After Washing (g): 155.05 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.35 99.71 100 0.35
#10 2.000 0.44 99.35 80 0.35
#14 1.400 0.41 99.02 40 0.16
#18 1.000 0.44 98.66 20 0.09
#25 0.710 0.34 98.38 15 0.05
#35 0.500 0.58 97.91 10 0.06
#45 0.355 0.66 97.37 3 0.02
#60 0.250 0.77 96.74 1 0.01
#80 0.180 1.88 95.20 1 0.02
#120 0.125 62.28 44.30 1 0.62
#170 0.090 24.10 24.61 1 0.24
#230 0.063 11.10 15.54 1 0.11

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, olive gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-225bBoring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, olive gray (SM)

50.5-51.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.8-48.3
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-226  
Sample No.: 1
Description:

Tare Weight, (g):  50.33
172.03 (with tare)

Dry Weight After Washing (g): 169 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.92 98.42 100 1.92
#4 4.750 0.36 98.13 100 0.36
#7 2.800 0.96 97.34 100 0.96
#10 2.000 0.71 96.75 80 0.57
#14 1.400 1.03 95.91 75 0.77
#18 1.000 1.02 95.07 65 0.66
#25 0.710 1.18 94.10 60 0.71
#35 0.500 2.55 92.00 35 0.89
#45 0.355 3.89 88.81 25 0.97
#60 0.250 8.10 82.15 3 0.24
#80 0.180 49.60 41.40 1 0.50
#120 0.125 41.22 7.53 1 0.41
#170 0.090 5.24 3.22 1 0.05
#230 0.063 0.76 2.60 1 0.01

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, olive gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, olive gray (SP)

47.8-48.3 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-226Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.7-48.2
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-227  
Sample No.: 1
Description:

Tare Weight, (g):  50.22
171.18 (with tare)

Dry Weight After Washing (g): 162.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.41 98.83 100 1.41
#7 2.800 0.58 98.35 100 0.58
#10 2.000 0.85 97.65 70 0.60
#14 1.400 0.65 97.11 70 0.46
#18 1.000 0.71 96.53 60 0.43
#25 0.710 0.77 95.89 55 0.42
#35 0.500 2.08 94.17 30 0.62
#45 0.355 4.15 90.74 10 0.42
#60 0.250 6.90 85.04 3 0.21
#80 0.180 18.18 70.01 3 0.55
#120 0.125 44.24 33.43 1 0.44
#170 0.090 20.52 16.47 1 0.21
#230 0.063 9.93 8.26 1 0.10

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, trace fragmented limestone, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-227Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, trace 
fragmented limestone, dark greenish gray 

(SP-SM)

47.7-48.2
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.5-50.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-227  
Sample No.: 2
Description:

Tare Weight, (g):  50.46
163.07 (with tare)

Dry Weight After Washing (g): 152.95 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.02 99.97 60 0.01
#14 1.400 0.09 99.89 30 0.03
#18 1.000 0.14 99.77 15 0.02
#25 0.710 0.16 99.63 3 0.00
#35 0.500 0.32 99.34 5 0.02
#45 0.355 0.40 98.99 3 0.01
#60 0.250 0.91 98.18 1 0.01
#80 0.180 4.07 94.57 1 0.04
#120 0.125 39.82 59.20 1 0.40
#170 0.090 32.97 29.93 1 0.33
#230 0.063 20.64 11.60 1 0.21

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-227Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, dark greenish gray (SP-SM)

49.5-50.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.6-53.1
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-227  
Sample No.: 3
Description:

Tare Weight, (g):  49.99
177.08 (with tare)

Dry Weight After Washing (g): 157.68 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.09 98.36 0 0.00
#4 4.750 4.27 95.00 0 0.00
#7 2.800 5.30 90.83 5 0.27
#10 2.000 4.00 87.68 10 0.40
#14 1.400 4.14 84.42 3 0.12
#18 1.000 3.36 81.78 3 0.10
#25 0.710 2.35 79.93 1 0.02
#35 0.500 2.28 78.13 1 0.02
#45 0.355 2.05 76.52 3 0.06
#60 0.250 2.92 74.22 1 0.03
#80 0.180 6.15 69.38 1 0.06
#120 0.125 35.55 41.41 1 0.36
#170 0.090 20.53 25.26 1 0.21
#230 0.063 11.34 16.33 1 0.11

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, some fine-grained quartz, little coarse to fine-grained 
fragmented limestone, little silt, few fine gravel-size fragmented 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-227Boring No.

Classification
SAND, silty, some fine-grained quartz, little 

coarse to fine-grained fragmented 
limestone, little silt, few fine gravel-size 
fragmented limestone, olive gray (SM)

52.6-53.1
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.9-47.4
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-228  
Sample No.: 1
Description:

Tare Weight, (g):  50.29
169.2 (with tare)

Dry Weight After Washing (g): 167.73 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.61 99.49 100 0.61
#7 2.800 1.26 98.43 100 1.26
#10 2.000 1.11 97.49 90 1.00
#14 1.400 1.22 96.47 85 1.04
#18 1.000 1.34 95.34 45 0.60
#25 0.710 1.45 94.12 30 0.44
#35 0.500 4.55 90.30 20 0.91
#45 0.355 10.11 81.79 5 0.51
#60 0.250 18.76 66.02 3 0.56
#80 0.180 48.54 25.20 1 0.49
#120 0.125 24.77 4.36 1 0.25
#170 0.090 3.02 1.82 1 0.03
#230 0.063 0.30 1.57 1 0.00

Total Shell Content:  6 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, dark greenish gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

6
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, dark greenish gray (SP)

46.9-47.4 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-228Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.9-48.4
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-228  
Sample No.: 2
Description:

Tare Weight, (g):  50.10
172.95 (with tare)

Dry Weight After Washing (g): 164.4 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.38 98.06 100 2.38
#4 4.750 4.05 94.77 70 2.84
#7 2.800 9.15 87.32 60 5.49
#10 2.000 6.59 81.95 60 3.95
#14 1.400 6.59 76.59 50 3.30
#18 1.000 5.77 71.89 30 1.73
#25 0.710 3.78 68.82 20 0.76
#35 0.500 4.52 65.14 10 0.45
#45 0.355 5.52 60.64 5 0.28
#60 0.250 8.37 53.83 3 0.25
#80 0.180 25.14 33.37 1 0.25
#120 0.125 22.43 15.11 1 0.22
#170 0.090 6.35 9.94 1 0.06
#230 0.063 3.15 7.37 1 0.03

Total Shell Content:  18 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few coarse 
to medium-grained carbonate, few coarse to fine-grained fragmented 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

18 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-228Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few coarse to medium-
grained carbonate, few coarse to fine-

grained fragmented limestone, few silt, few 
fine gravel-size carbonate, dark greenish 

gray (SP-SM)

47.9-48.4
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.6-51.1
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-228  
Sample No.: 3
Description:

Tare Weight, (g):  49.96
170.83 (with tare)

Dry Weight After Washing (g): 157.78 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.13 99.89 100 0.13
#7 2.800 0.73 99.29 100 0.73
#10 2.000 0.41 98.95 100 0.41
#14 1.400 0.56 98.49 60 0.34
#18 1.000 0.59 98.00 55 0.32
#25 0.710 0.47 97.61 50 0.24
#35 0.500 0.61 97.10 20 0.12
#45 0.355 0.63 96.58 10 0.06
#60 0.250 1.21 95.58 5 0.06
#80 0.180 6.07 90.56 3 0.18
#120 0.125 78.39 25.71 1 0.78
#170 0.090 13.36 14.65 1 0.13
#230 0.063 4.02 11.33 1 0.04

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-228Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, olive gray (SP-SM)

50.6-51.1
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.5-53.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-228  
Sample No.: 4
Description:

Tare Weight, (g):  49.22
171.51 (with tare)

Dry Weight After Washing (g): 158.79 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 2.05 98.32 90 1.85
#7 2.800 1.61 97.01 10 0.16
#10 2.000 1.08 96.12 100 1.08
#14 1.400 1.11 95.22 75 0.83
#18 1.000 0.64 94.69 70 0.45
#25 0.710 0.36 94.40 65 0.23
#35 0.500 0.44 94.04 60 0.26
#45 0.355 0.58 93.56 45 0.26
#60 0.250 1.66 92.21 20 0.33
#80 0.180 8.05 85.62 3 0.24
#120 0.125 71.09 27.49 1 0.71
#170 0.090 15.97 14.43 1 0.16
#230 0.063 4.21 10.99 1 0.04

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-228Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few carbonate, trace 
fragmented limestone, olive gray (SP-SM)

52.5-53.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.5-49.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-229  
Sample No.: 1
Description:

Tare Weight, (g):  50.01
175.61 (with tare)

Dry Weight After Washing (g): 166.14 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 4.28 96.59 100 4.28
#7 2.800 6.31 91.57 85 5.36
#10 2.000 4.33 88.12 75 3.25
#14 1.400 4.41 84.61 70 3.09
#18 1.000 4.05 81.39 45 1.82
#25 0.710 3.43 78.65 30 1.03
#35 0.500 6.32 73.62 20 1.26
#45 0.355 8.77 66.64 10 0.88
#60 0.250 12.89 56.38 5 0.64
#80 0.180 33.37 29.81 3 1.00
#120 0.125 22.49 11.90 1 0.22
#170 0.090 3.95 8.76 1 0.04
#230 0.063 1.07 7.91 1 0.01

Total Shell Content:  18 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly medium to fine-grained quartz, 
little coarse to medium-grained carbonate, few fragmented limestone, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

18 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-229Boring No.

Classification
SAND, poorly-graded with silt, mostly 

medium to fine-grained quartz, little coarse 
to medium-grained carbonate, few 

fragmented limestone, trace fine gravel-size 
carbonate, dark greenish gray (SP-SM)

48.5-49.0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.7-50.2
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-229  
Sample No.: 2
Description:

Tare Weight, (g):  49.54
180.3 (with tare)

Dry Weight After Washing (g): 158.32 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 2.89 97.79 70 2.02
#7 2.800 4.89 94.05 85 4.16
#10 2.000 3.53 91.35 75 2.65
#14 1.400 3.32 88.81 70 2.32
#18 1.000 3.99 85.76 55 2.19
#25 0.710 4.16 82.58 25 1.04
#35 0.500 7.11 77.14 20 1.42
#45 0.355 9.33 70.01 15 1.40
#60 0.250 12.74 60.26 3 0.38
#80 0.180 24.35 41.64 3 0.73
#120 0.125 22.95 24.09 1 0.23
#170 0.090 6.88 18.83 1 0.07
#230 0.063 2.16 17.18 1 0.02

Total Shell Content:  14 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little coarse to medium-
grained carbonate, little silt, trace fragmented limestone, trace fine 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

14 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-229Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
little coarse to medium-grained carbonate, 
little silt, trace fragmented limestone, trace 
fine gravel-size carbonate, dark greenish 

gray (SC)

49.7-50.2
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.0-52.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-229  
Sample No.: 3
Description:

Tare Weight, (g):  50.22
167.72 (with tare)

Dry Weight After Washing (g): 144.56 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 2.00 98.30 70 1.40
#7 2.800 2.82 95.90 80 2.26
#10 2.000 1.91 94.27 75 1.43
#14 1.400 1.98 92.59 65 1.29
#18 1.000 2.30 90.63 40 0.92
#25 0.710 2.30 88.67 30 0.69
#35 0.500 3.58 85.63 15 0.54
#45 0.355 4.34 81.93 5 0.22
#60 0.250 5.87 76.94 3 0.18
#80 0.180 9.43 68.91 1 0.09
#120 0.125 33.19 40.66 1 0.33
#170 0.090 13.72 28.99 1 0.14
#230 0.063 9.33 21.05 1 0.09

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, little clay, few carbonate, few 
fragmented limestone, olive gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-229Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 
little clay, few carbonate, few fragmented 

limestone, olive gray (SC)

52.0-52.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 54.0-54.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-229  
Sample No.: 4
Description:

Tare Weight, (g):  49.53
175.26 (with tare)

Dry Weight After Washing (g): 151.98 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.76 99.40 100 0.76
#7 2.800 2.58 97.34 80 2.06
#10 2.000 1.58 96.09 75 1.19
#14 1.400 1.72 94.72 65 1.12
#18 1.000 1.53 93.50 60 0.92
#25 0.710 1.43 92.36 50 0.72
#35 0.500 2.14 90.66 40 0.86
#45 0.355 3.13 88.17 25 0.78
#60 0.250 5.18 84.05 5 0.26
#80 0.180 13.01 73.71 3 0.39
#120 0.125 47.77 35.71 1 0.48
#170 0.090 15.99 22.99 1 0.16
#230 0.063 5.93 18.28 1 0.06

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, few carbonate, few 
fragmented limestone, olive gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-229Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, few carbonate, few fragmented 
limestone, olive gray (SM)

54.0-54.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.3-48.8
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-230  
Sample No.: 1
Description:

Tare Weight, (g):  49.78
164.52 (with tare)

Dry Weight After Washing (g): 129.06 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.34 99.70 100 0.34
#7 2.800 0.31 99.43 100 0.31
#10 2.000 0.63 98.88 70 0.44
#14 1.400 1.13 97.90 60 0.68
#18 1.000 1.58 96.52 40 0.63
#25 0.710 1.85 94.91 30 0.56
#35 0.500 3.65 91.73 10 0.37
#45 0.355 4.78 87.56 5 0.24
#60 0.250 7.55 80.98 3 0.23
#80 0.180 25.14 59.07 1 0.25
#120 0.125 19.92 41.71 1 0.20
#170 0.090 5.04 37.32 1 0.05
#230 0.063 6.21 31.91 1 0.06

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
trace fragmented limestone, dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-230Boring No.

Classification
SAND, clayey, mostly fine-grained quartz, 

some clay, trace carbonate, trace 
fragmented limestone, dark greenish gray 

(SC)

48.3-48.8
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.8-51.3
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-230  
Sample No.: 2
Description:

Tare Weight, (g):  50.82
119.4 (with tare)

Dry Weight After Washing (g): 59.68 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.12 99.83 100 0.12
#10 2.000 0.17 99.58 60 0.10
#14 1.400 0.29 99.15 30 0.09
#18 1.000 0.40 98.57 10 0.04
#25 0.710 0.24 98.22 10 0.02
#35 0.500 0.46 97.55 10 0.05
#45 0.355 0.55 96.75 5 0.03
#60 0.250 0.71 95.71 3 0.02
#80 0.180 1.95 92.87 1 0.02
#120 0.125 2.38 89.40 1 0.02
#170 0.090 0.53 88.63 1 0.01
#230 0.063 0.74 87.55 1 0.01

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, few fine-grained quartz sand, trace carbonate, dark 
greenish gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-230Boring No.

Classification
CLAY, inorganic-H, few fine-grained quartz 
sand, trace carbonate, dark greenish gray 

(CH)

50.8-51.3
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 54.0-54.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-230  
Sample No.: 3
Description:

Tare Weight, (g):  49.47
112.38 (with tare)

Dry Weight After Washing (g): 52.23 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.07 99.89 0 0.00
#14 1.400 0.10 99.73 0 0.00
#18 1.000 0.13 99.52 0 0.00
#25 0.710 0.04 99.46 0 0.00
#35 0.500 0.02 99.43 0 0.00
#45 0.355 0.10 99.27 0 0.00
#60 0.250 0.12 99.08 0 0.00
#80 0.180 0.42 98.41 0 0.00
#120 0.125 0.84 97.08 0 0.00
#170 0.090 0.52 96.25 0 0.00
#230 0.063 0.73 95.09 0 0.00

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, few fine-grained quartz sand, dark greenish gray 
(CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-230Boring No.

Classification
CLAY, inorganic-H, few fine-grained quartz 

sand, dark greenish gray (CH)
54.0-54.5

Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 56.0-57.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-230  
Sample No.: 4
Description:

Tare Weight, (g):  50.37
120.58 (with tare)

Dry Weight After Washing (g): 59.67 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.17 99.76 3 0.01
#18 1.000 0.22 99.44 3 0.01
#25 0.710 0.32 98.99 5 0.02
#35 0.500 0.61 98.12 5 0.03
#45 0.355 0.31 97.68 5 0.02
#60 0.250 0.29 97.27 3 0.01
#80 0.180 0.96 95.90 1 0.01
#120 0.125 3.10 91.48 1 0.03
#170 0.090 2.23 88.31 1 0.02
#230 0.063 1.09 86.75 1 0.01

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, few fine-grained quartz sand, very dark greenish 
gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
CLAY, inorganic-H, few fine-grained quartz 

sand, very dark greenish gray (CH)
56.0-57.5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-230Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 59.0-59.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-230  
Sample No.: 5
Description:

Tare Weight, (g):  50.16
116.18 (with tare)

Dry Weight After Washing (g): 53.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.07 99.89 0 0.00
#18 1.000 0.10 99.74 3 0.00
#25 0.710 0.05 99.67 3 0.00
#35 0.500 0.09 99.53 5 0.00
#45 0.355 0.11 99.36 5 0.01
#60 0.250 0.22 99.03 3 0.01
#80 0.180 0.48 98.30 1 0.00
#120 0.125 1.06 96.70 1 0.01
#170 0.090 0.91 95.32 1 0.01
#230 0.063 0.81 94.09 1 0.01

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, few fine-grained quartz sand, very dark greenish 
gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
CLAY, inorganic-H, few fine-grained quartz 

sand, very dark greenish gray (CH)
59.0-59.5 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-230Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.0-48.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-231  
Sample No.: 1
Description:

Tare Weight, (g):  50.13
171.7 (with tare)

Dry Weight After Washing (g): 158.16 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.73 97.75 100 2.73
#4 4.750 2.84 95.42 100 2.84
#7 2.800 2.09 93.70 60 1.25
#10 2.000 1.01 92.87 70 0.71
#14 1.400 1.45 91.68 65 0.94
#18 1.000 1.56 90.39 50 0.78
#25 0.710 2.23 88.56 25 0.56
#35 0.500 5.16 84.31 10 0.52
#45 0.355 5.25 80.00 5 0.26
#60 0.250 6.57 74.59 3 0.20
#80 0.180 20.15 58.02 1 0.20
#120 0.125 28.24 34.79 1 0.28
#170 0.090 17.71 20.22 1 0.18
#230 0.063 9.62 12.31 1 0.10

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, little silt, few 
carbonate, trace fragmented limestone, dark greenish gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-

grained quartz, little silt, few carbonate, 
trace fragmented limestone, dark greenish 

gray (SP-SM)

48.0-48.5 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-231Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.7-51.2
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-231  
Sample No.: 2
Description:

Tare Weight, (g):  50.02
148.11 (with tare)

Dry Weight After Washing (g): 97.97 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.42 99.57 100 0.42
#7 2.800 0.29 99.28 100 0.29
#10 2.000 0.12 99.15 70 0.08
#14 1.400 0.56 98.58 30 0.17
#18 1.000 0.59 97.98 25 0.15
#25 0.710 0.58 97.39 15 0.09
#35 0.500 1.09 96.28 10 0.11
#45 0.355 2.05 94.19 3 0.06
#60 0.250 5.20 88.89 1 0.05
#80 0.180 12.55 76.09 1 0.13
#120 0.125 11.88 63.98 1 0.12
#170 0.090 6.01 57.86 1 0.06
#230 0.063 5.56 52.19 1 0.06

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

CLAY, inorganic-H, some fine-grained quartz sand, trace carbonate, 
very dark greenish gray (CH)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
CLAY, inorganic-H, some fine-grained 
quartz sand, trace carbonate, very dark 

greenish gray (CH)

50.7-51.2 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-231Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.8-52.3
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-231  
Sample No.: 3
Description:

Tare Weight, (g):  50.87
167.51 (with tare)

Dry Weight After Washing (g): 132.83 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.20 98.11 100 2.20
#4 4.750 1.74 96.62 100 1.74
#7 2.800 1.11 95.67 85 0.94
#10 2.000 0.63 95.13 80 0.50
#14 1.400 0.90 94.36 65 0.59
#18 1.000 0.62 93.83 65 0.40
#25 0.710 0.65 93.27 60 0.39
#35 0.500 1.93 91.62 35 0.68
#45 0.355 5.01 87.32 10 0.50
#60 0.250 11.18 77.73 3 0.34
#80 0.180 32.66 49.73 3 0.98
#120 0.125 16.96 35.19 1 0.17
#170 0.090 3.59 32.12 1 0.04
#230 0.063 2.46 30.01 1 0.02

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, some silt, few carbonate, trace 
fragmented limestone, very dark greenish gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, 

some silt, few carbonate, trace fragmented 
limestone, very dark greenish gray (SM)

51.8-52.3 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-231Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.3-48.8
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-232  
Sample No.: 1
Description:

Tare Weight, (g):  49.78
176.37 (with tare)

Dry Weight After Washing (g): 173.45 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.11 99.12 100 1.11
#7 2.800 1.72 97.76 85 1.46
#10 2.000 1.71 96.41 80 1.37
#14 1.400 1.62 95.13 70 1.13
#18 1.000 1.86 93.66 65 1.21
#25 0.710 2.72 91.52 35 0.95
#35 0.500 7.60 85.51 15 1.14
#45 0.355 10.94 76.87 3 0.33
#60 0.250 19.09 61.79 3 0.57
#80 0.180 49.14 22.97 1 0.49
#120 0.125 23.01 4.80 1 0.23
#170 0.090 2.28 2.99 1 0.02
#230 0.063 0.32 2.74 1 0.00

Total Shell Content:  8 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, dark 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

8 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-232Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, dark gray (SP)
48.3-48.8

Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.1-50.6
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-232  
Sample No.: 2
Description:

Tare Weight, (g):  50.33
176.17 (with tare)

Dry Weight After Washing (g): 157.65 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.19 99.05 100 1.19
#4 4.750 3.10 96.59 100 3.10
#7 2.800 5.47 92.24 80 4.38
#10 2.000 4.36 88.78 75 3.27
#14 1.400 4.12 85.51 70 2.88
#18 1.000 4.09 82.26 60 2.45
#25 0.710 3.88 79.17 60 2.33
#35 0.500 6.25 74.21 45 2.81
#45 0.355 8.11 67.76 20 1.62
#60 0.250 10.51 59.41 5 0.53
#80 0.180 24.12 40.24 3 0.72
#120 0.125 23.15 21.85 1 0.23
#170 0.090 6.41 16.75 1 0.06
#230 0.063 1.80 15.32 1 0.02

Total Shell Content:  20 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little coarse to medium-grained 
carbonate, trace fine gravel-size carbonate, trace fragmented 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

20
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 
coarse to medium-grained carbonate, trace 
fine gravel-size carbonate, trace fragmented 

limestone, dark gray (SM)

50.1-50.6 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-232Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.1-51.6
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-232  
Sample No.: 3
Description:

Tare Weight, (g):  50.15
174.05 (with tare)

Dry Weight After Washing (g): 148.42 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 4.52 96.35 0 0.00
#4 4.750 3.25 93.73 0 0.00
#7 2.800 2.42 91.78 10 0.24
#10 2.000 2.22 89.98 15 0.33
#14 1.400 2.61 87.88 5 0.13
#18 1.000 2.55 85.82 5 0.13
#25 0.710 2.52 83.79 3 0.08
#35 0.500 3.59 80.89 3 0.11
#45 0.355 4.03 77.64 3 0.12
#60 0.250 6.15 72.67 0 0.00
#80 0.180 21.32 55.46 0 0.00
#120 0.125 30.46 30.88 0 0.00
#170 0.090 8.77 23.80 0 0.00
#230 0.063 3.06 21.33 0 0.00

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little coarse to medium-grained 
fragmented limestone, few fine gravel-size fragmented limestone, trace 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

coarse to medium-grained fragmented 
limestone, few fine gravel-size fragmented 
limestone, trace carbonate, olive gray (SM)

51.1-51.6 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-232Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.5-49.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-233  
Sample No.: 1
Description:

Tare Weight, (g):  50.66
175.58 (with tare)

Dry Weight After Washing (g): 156.11 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.38 98.90 30 0.41
#7 2.800 3.39 96.18 55 1.86
#10 2.000 2.86 93.89 50 1.43
#14 1.400 3.69 90.94 45 1.66
#18 1.000 3.77 87.92 40 1.51
#25 0.710 4.62 84.22 30 1.39
#35 0.500 8.31 77.57 15 1.25
#45 0.355 8.85 70.49 5 0.44
#60 0.250 10.13 62.38 3 0.30
#80 0.180 29.12 39.07 1 0.29
#120 0.125 21.50 21.85 1 0.22
#170 0.090 4.68 18.11 1 0.05
#230 0.063 2.25 16.31 1 0.02

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little coarse to medium-grained 
fragmented limestone, little silt, few carbonate, dark greenish gray 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

coarse to medium-grained fragmented 
limestone, little silt, few carbonate, dark 

greenish gray (SM)

48.5-49.0 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-233Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.5-51.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-233  
Sample No.: 2
Description:

Tare Weight, (g):  50.48
173.72 (with tare)

Dry Weight After Washing (g): 147.57 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 2.15 98.26 0 0.00
#7 2.800 0.98 97.46 0 0.00
#10 2.000 1.16 96.52 3 0.03
#14 1.400 1.21 95.54 3 0.04
#18 1.000 1.92 93.98 2 0.04
#25 0.710 2.89 91.63 3 0.09
#35 0.500 5.61 87.08 1 0.06
#45 0.355 5.39 82.71 1 0.05
#60 0.250 5.52 78.23 0 0.00
#80 0.180 32.73 51.67 0 0.00
#120 0.125 26.97 29.79 0 0.00
#170 0.090 6.28 24.69 0 0.00
#230 0.063 3.39 21.94 0 0.00

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little coarse to medium-grained 
fragmented limestone, trace fine gravel-size fragmented limestone, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

coarse to medium-grained fragmented 
limestone, trace fine gravel-size fragmented 

limestone, olive gray (SM)

50.5-51.0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-233Boring No.

Classification

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.3-48.8
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-234  
Sample No.: 1
Description:

Tare Weight, (g):  50.29
179.66 (with tare)

Dry Weight After Washing (g): 170.87 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 4.29 96.68 0 0.00
#7 2.800 2.71 94.59 10 0.27
#10 2.000 0.86 93.92 40 0.34
#14 1.400 0.68 93.40 30 0.20
#18 1.000 0.54 92.98 40 0.22
#25 0.710 0.85 92.32 30 0.26
#35 0.500 3.38 89.71 10 0.34
#45 0.355 6.96 84.33 3 0.21
#60 0.250 11.32 75.58 3 0.34
#80 0.180 27.59 54.26 1 0.28
#120 0.125 32.34 29.26 1 0.32
#170 0.090 19.64 14.08 1 0.20
#230 0.063 6.93 8.72 1 0.07

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, few 
fragmented limestone, trace carbonate, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-

grained quartz, few silt, few fragmented 
limestone, trace carbonate, olive gray (SP-

SM)

48.3-48.8 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-234Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.8-46.3
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-235  
Sample No.: 1
Description:

Tare Weight, (g):  50.19
177.3 (with tare)

Dry Weight After Washing (g): 174.5 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 1.40 98.90 100 1.40
#7 2.800 1.53 97.69 90 1.38
#10 2.000 1.40 96.59 70 0.98
#14 1.400 1.31 95.56 70 0.92
#18 1.000 1.19 94.63 55 0.65
#25 0.710 1.16 93.71 40 0.46
#35 0.500 2.48 91.76 25 0.62
#45 0.355 8.60 85.00 15 1.29
#60 0.250 17.20 71.47 3 0.52
#80 0.180 45.28 35.84 1 0.45
#120 0.125 34.73 8.52 1 0.35
#170 0.090 6.37 3.51 1 0.06
#230 0.063 1.13 2.62 1 0.01

Total Shell Content:  7 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
fragmented limestone, olive gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

7 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-235Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, few carbonate, trace fragmented 

limestone, olive gray (SP)

45.8-46.3
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.3-47.8
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-235  
Sample No.: 2
Description:

Tare Weight, (g):  48.35
176.57 (with tare)

Dry Weight After Washing (g): 147.08 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.42 99.67 100 0.42
#7 2.800 0.67 99.15 70 0.47
#10 2.000 0.45 98.80 70 0.32
#14 1.400 0.58 98.35 40 0.23
#18 1.000 0.58 97.89 50 0.29
#25 0.710 0.48 97.52 50 0.24
#35 0.500 1.01 96.73 20 0.20
#45 0.355 1.40 95.64 10 0.14
#60 0.250 2.04 94.05 3 0.06
#80 0.180 8.84 87.15 1 0.09
#120 0.125 56.94 42.75 1 0.57
#170 0.090 17.47 29.12 1 0.17
#230 0.063 6.47 24.08 1 0.06

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, trace 
fragmented limestone, olive gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, trace fragmented 
limestone, olive gray (SM)

47.3-47.8 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-235Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 46.8-47.3
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-236  
Sample No.: 1
Description:

Tare Weight, (g):  50.51
172.77 (with tare)

Dry Weight After Washing (g): 155.52 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.75 98.57 100 1.75
#4 4.750 0.34 98.29 50 0.17
#7 2.800 0.86 97.59 70 0.60
#10 2.000 0.84 96.90 40 0.34
#14 1.400 0.59 96.42 30 0.18
#18 1.000 0.60 95.93 20 0.12
#25 0.710 0.42 95.58 40 0.17
#35 0.500 1.07 94.71 30 0.32
#45 0.355 3.49 91.85 15 0.52
#60 0.250 5.34 87.49 3 0.16
#80 0.180 12.22 77.49 1 0.12
#120 0.125 55.91 31.76 1 0.56
#170 0.090 13.33 20.86 1 0.13
#230 0.063 6.25 15.75 1 0.06

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, olive 
gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, olive gray (SM)
46.8-47.3 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-236Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.1-49.6
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-237  
Sample No.: 1
Description:

Tare Weight, (g):  49.98
178.32 (with tare)

Dry Weight After Washing (g): 165.8 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.21 98.28 100 2.21
#4 4.750 4.53 94.75 90 4.08
#7 2.800 3.07 92.36 75 2.30
#10 2.000 1.44 91.23 70 1.01
#14 1.400 1.43 90.12 70 1.00
#18 1.000 1.27 89.13 60 0.76
#25 0.710 3.40 86.48 30 1.02
#35 0.500 8.94 79.52 10 0.89
#45 0.355 5.78 75.01 3 0.17
#60 0.250 4.71 71.34 3 0.14
#80 0.180 16.03 58.85 1 0.16
#120 0.125 42.09 26.06 1 0.42
#170 0.090 11.36 17.20 1 0.11
#230 0.063 6.75 11.94 1 0.07

Total Shell Content:  11 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, little silt, few 
carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

11
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-

grained quartz, little silt, few carbonate, 
trace fragmented limestone, olive gray (SP-

SM)

49.1-49.6 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-237Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.3-48.8
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-238  
Sample No.: 1
Description:

Tare Weight, (g):  50.12
182.43 (with tare)

Dry Weight After Washing (g): 181.32 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 12.19 90.79 100 12.19
#4 4.750 3.91 87.83 80 3.13
#7 2.800 4.81 84.20 80 3.85
#10 2.000 2.72 82.14 70 1.90
#14 1.400 2.91 79.94 60 1.75
#18 1.000 3.50 77.30 40 1.40
#25 0.710 10.62 69.27 15 1.59
#35 0.500 30.27 46.39 3 0.91
#45 0.355 25.18 27.36 1 0.25
#60 0.250 14.05 16.74 1 0.14
#80 0.180 11.86 7.78 1 0.12
#120 0.125 6.67 2.74 1 0.07
#170 0.090 0.79 2.14 1 0.01
#230 0.063 0.14 2.03 1 0.00

Total Shell Content:  21 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, few fine 
gravel-size carbonate, few coarse to medium-grained carbonate, trace 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

21
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly medium to 
fine-grained quartz, few fine gravel-size 

carbonate, few coarse to medium-grained 
carbonate, trace fragmented limestone, 

olive gray (SP)

48.3-48.8 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-238Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.4-49.9
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-238  
Sample No.: 2
Description:

Tare Weight, (g):  50.18
178.32 (with tare)

Dry Weight After Washing (g): 170 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.40 98.91 100 1.40
#4 4.750 0.00 98.91 0 0.00
#7 2.800 0.02 98.89 100 0.02
#10 2.000 0.11 98.81 80 0.09
#14 1.400 0.24 98.62 80 0.19
#18 1.000 0.25 98.42 40 0.10
#25 0.710 0.65 97.92 15 0.10
#35 0.500 1.62 96.65 5 0.08
#45 0.355 3.61 93.83 3 0.11
#60 0.250 7.70 87.83 1 0.08
#80 0.180 28.68 65.44 1 0.29
#120 0.125 60.26 18.42 1 0.60
#170 0.090 11.21 9.67 1 0.11
#230 0.063 2.82 7.47 1 0.03

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, dark gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

dark gray (SP-SM)

49.4-49.9 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-238Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.1-48.6
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-239  
Sample No.: 1
Description:

Tare Weight, (g):  49.75
183.62 (with tare)

Dry Weight After Washing (g): 179.66 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 21.10 84.24 35 7.39
#4 4.750 5.63 80.03 60 3.38
#7 2.800 4.30 76.82 65 2.80
#10 2.000 2.33 75.08 40 0.93
#14 1.400 2.50 73.21 25 0.63
#18 1.000 2.61 71.26 30 0.78
#25 0.710 3.88 68.36 10 0.39
#35 0.500 6.67 63.38 3 0.20
#45 0.355 9.68 56.15 3 0.29
#60 0.250 16.99 43.46 1 0.17
#80 0.180 33.39 18.52 1 0.33
#120 0.125 16.27 6.36 1 0.16
#170 0.090 2.82 4.26 1 0.03
#230 0.063 0.94 3.56 1 0.01

Total Shell Content:  13 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, little fine gravel-size 
fragmented limestone, few coarse to medium-grained fragmented 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

13
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 
quartz, little fine gravel-size fragmented 

limestone, few coarse to medium-grained 
fragmented limestone, few carbonate, olive 

gray (SP)

48.1-48.6 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-239Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.6-50.1
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-239  
Sample No.: 2
Description:

Tare Weight, (g):  49.17
177.15 (with tare)

Dry Weight After Washing (g): 167.3 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 6.50 94.92 35 2.28
#4 4.750 10.04 87.08 5 0.50
#7 2.800 13.76 76.32 3 0.41
#10 2.000 8.89 69.38 3 0.27
#14 1.400 9.34 62.08 3 0.28
#18 1.000 7.36 56.33 2 0.15
#25 0.710 6.90 50.94 1 0.07
#35 0.500 6.70 45.70 1 0.07
#45 0.355 6.46 40.65 1 0.06
#60 0.250 8.37 34.11 1 0.08
#80 0.180 15.24 22.21 1 0.15
#120 0.125 12.32 12.58 1 0.12
#170 0.090 3.85 9.57 1 0.04
#230 0.063 1.77 8.19 1 0.02

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly coarse to fine-grained 
fragmented limestone, little fine-grained fragmented limestone, little 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly 

coarse to fine-grained fragmented 
limestone, little fine-grained fragmented 

limestone, little fine gravel-size fragmented 
limestone, few silt, trace carbonate, olive 

gray (SP-SM)

49.6-50.1 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-239Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 50.0-50.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-240  
Sample No.: 1
Description:

Tare Weight, (g):  50.33
181.55 (with tare)

Dry Weight After Washing (g): 180.35 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.56 99.57 100 0.56
#4 4.750 4.01 96.52 100 4.01
#7 2.800 1.46 95.40 100 1.46
#10 2.000 0.80 94.80 100 0.80
#14 1.400 0.72 94.25 80 0.58
#18 1.000 0.62 93.77 80 0.50
#25 0.710 1.22 92.84 45 0.55
#35 0.500 10.32 84.98 10 1.03
#45 0.355 30.40 61.81 5 1.52
#60 0.250 25.48 42.39 3 0.76
#80 0.180 34.57 16.05 1 0.35
#120 0.125 17.63 2.61 1 0.18
#170 0.090 1.90 1.17 1 0.02
#230 0.063 0.19 1.02 1 0.00

Total Shell Content:  9 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few carbonate, olive 
gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

9 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-240Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, few carbonate, olive gray (SP)
50.0-50.5

Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 52.0-52.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-240  
Sample No.: 2
Description:

Tare Weight, (g):  50.49
173.54 (with tare)

Dry Weight After Washing (g): 166.67 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.26 99.79 30 0.08
#7 2.800 0.39 99.47 100 0.39
#10 2.000 0.40 99.15 90 0.36
#14 1.400 0.47 98.76 70 0.33
#18 1.000 0.48 98.37 60 0.29
#25 0.710 0.82 97.71 45 0.37
#35 0.500 1.03 96.87 10 0.10
#45 0.355 1.79 95.42 5 0.09
#60 0.250 3.92 92.23 1 0.04
#80 0.180 41.29 58.68 1 0.41
#120 0.125 57.36 12.06 1 0.57
#170 0.090 7.22 6.19 1 0.07
#230 0.063 0.66 5.66 1 0.01

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, trace fragmented limestone, olive gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

trace fragmented limestone, olive gray (SP-
SM)

52.0-52.5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-240Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 49.0-49.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-241  
Sample No.: 1
Description:

Tare Weight, (g):  50.77
179.64 (with tare)

Dry Weight After Washing (g): 178.29 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.61 99.53 75 0.46
#7 2.800 0.28 99.31 80 0.22
#10 2.000 0.38 99.01 80 0.30
#14 1.400 0.55 98.59 70 0.39
#18 1.000 0.45 98.24 60 0.27
#25 0.710 0.67 97.72 60 0.40
#35 0.500 3.45 95.04 20 0.69
#45 0.355 14.47 83.81 5 0.72
#60 0.250 37.23 54.92 3 1.12
#80 0.180 51.29 15.12 1 0.51
#120 0.125 17.03 1.91 1 0.17
#170 0.090 1.40 0.82 1 0.01
#230 0.063 0.08 0.76 1 0.00

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace fragmented limestone, olive gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-241Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 
quartz, trace carbonate, trace fragmented 

limestone, olive gray (SP)

49.0-49.5
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 51.2-51.7
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-241  
Sample No.: 2
Description:

Tare Weight, (g):  50.63
169.31 (with tare)

Dry Weight After Washing (g): 160.37 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.06 99.95 100 0.06
#7 2.800 0.56 99.48 100 0.56
#10 2.000 0.31 99.22 100 0.31
#14 1.400 0.55 98.75 100 0.55
#18 1.000 0.40 98.42 90 0.36
#25 0.710 0.54 97.96 80 0.43
#35 0.500 1.27 96.89 30 0.38
#45 0.355 2.92 94.43 10 0.29
#60 0.250 6.15 89.25 2 0.12
#80 0.180 38.05 57.19 1 0.38
#120 0.125 50.70 14.47 1 0.51
#170 0.090 6.90 8.65 1 0.07
#230 0.063 1.20 7.64 1 0.01

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, few silt, 
trace carbonate, dark gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-
grained quartz, few silt, trace carbonate, 

dark gray (SP-SM)

51.2-51.7 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-241Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 53.0-53.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-241  
Sample No.: 3
Description:

Tare Weight, (g):  50.37
155.48 (with tare)

Dry Weight After Washing (g): 112.84 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.08 99.92 100 0.08
#10 2.000 0.06 99.87 60 0.04
#14 1.400 0.24 99.64 60 0.14
#18 1.000 0.29 99.36 60 0.17
#25 0.710 0.42 98.96 40 0.17
#35 0.500 0.58 98.41 20 0.12
#45 0.355 0.73 97.72 10 0.07
#60 0.250 1.00 96.77 5 0.05
#80 0.180 4.30 92.67 2 0.09
#120 0.125 20.75 72.93 1 0.21
#170 0.090 20.68 53.26 1 0.21
#230 0.063 11.17 42.63 1 0.11

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, dark greenish 

gray (SC)

53.0-53.5 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-241Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 54.0-54.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-241  
Sample No.: 4
Description:

Tare Weight, (g):  50.05
159.6 (with tare)

Dry Weight After Washing (g): 121.6 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.04 99.96 100 0.04
#10 2.000 0.02 99.95 100 0.02
#14 1.400 0.05 99.90 100 0.05
#18 1.000 0.10 99.81 90 0.09
#25 0.710 0.07 99.74 80 0.06
#35 0.500 0.12 99.63 70 0.08
#45 0.355 0.27 99.39 50 0.14
#60 0.250 0.63 98.81 20 0.13
#80 0.180 19.23 81.26 2 0.38
#120 0.125 28.59 55.16 1 0.29
#170 0.090 11.77 44.42 1 0.12
#230 0.063 9.17 36.05 1 0.09

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, clayey, mostly fine-grained quartz, some clay, trace carbonate, 
dark greenish gray (SC)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, clayey, mostly fine-grained quartz, 
some clay, trace carbonate, dark greenish 

gray (SC)

54.0-54.5 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-241Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 47.2-47.7
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-245  
Sample No.: 1
Description:

Tare Weight, (g):  50.27
180.34 (with tare)

Dry Weight After Washing (g): 177.91 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 8.54 93.43 40 3.42
#7 2.800 6.09 88.75 70 4.26
#10 2.000 6.41 83.82 50 3.21
#14 1.400 9.39 76.60 40 3.76
#18 1.000 12.57 66.94 30 3.77
#25 0.710 17.72 53.32 20 3.54
#35 0.500 22.05 36.37 5 1.10
#45 0.355 16.29 23.84 2 0.33
#60 0.250 11.84 14.74 1 0.12
#80 0.180 10.93 6.34 1 0.11
#120 0.125 4.71 2.71 1 0.05
#170 0.090 0.81 2.09 1 0.01
#230 0.063 0.33 1.84 1 0.00

Total Shell Content:  18 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, few 
coarse to medium-grained fragmented limestone, few coarse to 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

18
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly medium to 

fine-grained quartz, few coarse to medium-
grained fragmented limestone, few coarse 
to medium-grained carbonate, trace fine 

gravel-size fragmented limestone, trace fine 
gravel-size carbonate, olive gray (SP)

47.2-47.7 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-245Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.5-49.0
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-245  
Sample No.: 2
Description:

Tare Weight, (g):  50.66
174.76 (with tare)

Dry Weight After Washing (g): 173.23 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 7.26 94.15 100 7.26
#4 4.750 2.72 91.96 90 2.45
#7 2.800 3.30 89.30 90 2.97
#10 2.000 2.31 87.44 80 1.85
#14 1.400 2.34 85.55 90 2.11
#18 1.000 2.24 83.75 80 1.79
#25 0.710 3.21 81.16 70 2.25
#35 0.500 5.71 76.56 20 1.14
#45 0.355 9.79 68.67 2 0.20
#60 0.250 17.51 54.56 1 0.18
#80 0.180 40.31 22.08 1 0.40
#120 0.125 22.91 3.62 1 0.23
#170 0.090 2.48 1.62 1 0.02
#230 0.063 0.32 1.36 1 0.00

Total Shell Content:  18 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, few coarse to 
medium-grained carbonate, few fine gravel-size carbonate, trace 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

18
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly fine-grained 

quartz, few coarse to medium-grained 
carbonate, few fine gravel-size carbonate, 

trace fragmented limestone, gray (SP)

48.5-49.0 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-245Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 48.0-48.5
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-246  
Sample No.: 1
Description:

Tare Weight, (g):  49.90
169.2 (with tare)

Dry Weight After Washing (g): 162.97 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 3.37 97.18 0 0.00
#4 4.750 13.08 86.21 30 3.92
#7 2.800 8.53 79.06 30 2.56
#10 2.000 3.66 75.99 30 1.10
#14 1.400 4.19 72.48 30 1.26
#18 1.000 4.90 68.37 20 0.98
#25 0.710 5.97 63.37 20 1.19
#35 0.500 6.25 58.13 10 0.63
#45 0.355 6.13 52.99 5 0.31
#60 0.250 11.32 43.50 2 0.23
#80 0.180 30.47 17.96 1 0.30
#120 0.125 10.91 8.82 1 0.11
#170 0.090 2.86 6.42 1 0.03
#230 0.063 1.18 5.43 1 0.01

Total Shell Content:  11 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, little coarse 
to medium-grained fragmented limestone, few coarse to medium-

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

11
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded with silt, mostly fine-

grained quartz, little coarse to medium-
grained fragmented limestone, few coarse 

to medium-grained carbonate, few fine 
gravel-size fragmented limestone, few silt, 
trace fine gravel-size carbonate, gray (SP-

SM)

48.0-48.5 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-246Boring No.

Classification

ENG FORM 2087
MAY 63

0

10

20

30

40

50

60

70

80

90

100

0001101001000

COBBLES SILT OR CLAYGRAVEL SAND
FINEMEDIUMCOARSE FINE COARSE

100

90

80

70

60

50

40

30

20

10

0

PE
R

C
EN

T 
C

O
A

R
SE

R
 B

Y 
W

EI
G

H
T

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 3 2 1-1/2 1 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200

0.0010.010.11101001000 500 50 5 0.5 0.05 0.005
GRAIN SIZE IN MILLIMETERS



  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 9.8-10.3
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-263  
Sample No.: 1
Description:

Tare Weight, (g):  47.93
172.66 (with tare)

Dry Weight After Washing (g): 171.75 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 1.79 98.56 100 1.79
#4 4.750 3.56 95.71 100 3.56
#7 2.800 6.19 90.75 75 4.64
#10 2.000 5.38 86.43 70 3.77
#14 1.400 8.35 79.74 65 5.43
#18 1.000 11.92 70.18 55 6.56
#25 0.710 13.09 59.69 40 5.24
#35 0.500 18.99 44.46 20 3.80
#45 0.355 19.08 29.17 5 0.95
#60 0.250 17.64 15.02 3 0.53
#80 0.180 13.07 4.55 1 0.13
#120 0.125 3.31 1.89 1 0.03
#170 0.090 0.14 1.78 1 0.00
#230 0.063 0.02 1.76 1 0.00

Total Shell Content:  29 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little 
coarse to medium-grained carbonate, trace fine gravel-size carbonate, 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

29
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly medium to 

fine-grained quartz, little coarse to medium-
grained carbonate, trace fine gravel-size 
carbonate, trace fragmented limestone, 

gray (SP)

9.8-10.3 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-263Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 11.3-11.8
Project No.: 1584-01-40 Date: 9/26/2003
Boring No.: T1-03-V-263  
Sample No.: 2
Description:

Tare Weight, (g):  50.15
179.9 (with tare)

Dry Weight After Washing (g): 178.9 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.54 99.58 100 0.54
#7 2.800 1.92 98.10 90 1.73
#10 2.000 2.06 96.52 80 1.65
#14 1.400 3.75 93.63 80 3.00
#18 1.000 6.96 88.26 70 4.87
#25 0.710 9.66 80.82 65 6.28
#35 0.500 19.56 65.74 35 6.85
#45 0.355 24.86 46.58 10 2.49
#60 0.250 28.50 24.62 3 0.86
#80 0.180 25.58 4.90 1 0.26
#120 0.125 5.10 0.97 1 0.05
#170 0.090 0.37 0.69 1 0.00
#230 0.063 0.16 0.56 1 0.00

Total Shell Content:  22 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly medium to fine-grained quartz, little 
coarse to medium-grained carbonate, trace fragmented limestone, gray 

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

22
Sample No.

GRADATION CURVES
9/26/2003Date

Elev. Or Depth
SAND, poorly-graded, mostly medium to 

fine-grained quartz, little coarse to medium-
grained carbonate, trace fragmented 

limestone, gray (SP)

11.3-11.8 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-263Boring No.

Classification

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 18.9-19.4
Project No.: 1584-01-40 Date: 12/6/2003
Boring No.: T1-03-V-363  
Sample No.: 1
Description:

Tare Weight, (g):  50.38
139.97 (with tare)

Dry Weight After Washing (g): 138.94 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.08 99.91 100 0.08
#14 1.400 0.05 99.85 100 0.05
#18 1.000 0.07 99.78 100 0.07
#25 0.710 0.07 99.70 100 0.07
#35 0.500 0.07 99.62 80 0.06
#45 0.355 0.22 99.37 60 0.13
#60 0.250 1.65 97.53 10 0.17
#80 0.180 31.53 62.34 1 0.32
#120 0.125 49.05 7.59 1 0.49
#170 0.090 5.51 1.44 1 0.06
#230 0.063 0.36 1.04 1 0.00

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace silt, light gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-363Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, trace silt, light gray 
(SP)

18.9-19.4
Sample No.

GRADATION CURVES
12/6/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 21.0-21.5
Project No.: 1584-01-40 Date: 12/6/2003
Boring No.: T1-03-V-363  
Sample No.: 2
Description:

Tare Weight, (g):  50.49
161.13 (with tare)

Dry Weight After Washing (g): 160.01 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.11 99.90 100 0.11
#10 2.000 0.04 99.86 30 0.01
#14 1.400 0.19 99.69 90 0.17
#18 1.000 0.19 99.52 60 0.11
#25 0.710 0.40 99.16 80 0.32
#35 0.500 0.71 98.52 50 0.36
#45 0.355 1.65 97.03 20 0.33
#60 0.250 7.57 90.18 5 0.38
#80 0.180 62.71 33.51 1 0.63
#120 0.125 32.80 3.86 1 0.33
#170 0.090 3.11 1.05 1 0.03
#230 0.063 0.22 0.85 1 0.00

Total Shell Content:  3 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace silt, light gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

3 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-363Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, trace silt, light gray 
(SP)

21.0-21.5
Sample No.

GRADATION CURVES
12/6/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 23.8-24.3
Project No.: 1584-01-40 Date: 12/6/2003
Boring No.: T1-03-V-364  
Sample No.: 1
Description:

Tare Weight, (g):  50.39
154.84 (with tare)

Dry Weight After Washing (g): 152.8 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.08 99.92 100 0.08
#7 2.800 0.44 99.50 100 0.44
#10 2.000 0.25 99.26 100 0.25
#14 1.400 0.36 98.92 90 0.32
#18 1.000 0.34 98.59 90 0.31
#25 0.710 0.40 98.21 70 0.28
#35 0.500 0.62 97.62 60 0.37
#45 0.355 1.08 96.58 30 0.32
#60 0.250 3.26 93.46 10 0.33
#80 0.180 33.20 61.68 1 0.33
#120 0.125 51.64 12.24 1 0.52
#170 0.090 9.36 3.27 1 0.09
#230 0.063 1.33 2.00 1 0.01

Total Shell Content:  4 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace silt, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

4 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-364Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, trace silt, gray (SP)
23.8-24.3

Sample No.

GRADATION CURVES
12/6/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 25.5-26.0
Project No.: 1584-01-40 Date: 12/6/2003
Boring No.: T1-03-V-364  
Sample No.: 2
Description:

Tare Weight, (g):  49.85
154.17 (with tare)

Dry Weight After Washing (g): 152.23 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.08 99.92 100 0.08
#14 1.400 0.14 99.79 100 0.14
#18 1.000 0.10 99.69 100 0.10
#25 0.710 0.14 99.56 90 0.13
#35 0.500 0.21 99.36 70 0.15
#45 0.355 0.43 98.95 50 0.22
#60 0.250 1.55 97.46 20 0.31
#80 0.180 30.48 68.24 1 0.30
#120 0.125 55.81 14.74 1 0.56
#170 0.090 11.78 3.45 1 0.12
#230 0.063 1.54 1.97 1 0.02

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace silt, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-364Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, trace silt, gray (SP)
25.5-26.0

Sample No.

GRADATION CURVES
12/6/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 27.5-28.0
Project No.: 1584-01-40 Date: 12/6/2003
Boring No.: T1-03-V-364  
Sample No.: 3
Description:

Tare Weight, (g):  49.87
162.19 (with tare)

Dry Weight After Washing (g): 159.15 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.01 99.99 100 0.01
#10 2.000 0.13 99.88 100 0.13
#14 1.400 0.07 99.81 100 0.07
#18 1.000 0.09 99.73 100 0.09
#25 0.710 0.11 99.63 90 0.10
#35 0.500 0.18 99.47 70 0.13
#45 0.355 0.33 99.18 60 0.20
#60 0.250 1.13 98.17 40 0.45
#80 0.180 29.07 72.29 1 0.29
#120 0.125 67.77 11.96 1 0.68
#170 0.090 9.26 3.71 1 0.09
#230 0.063 1.13 2.71 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace silt, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-364Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, trace silt, gray (SP)
27.5-28.0

Sample No.

GRADATION CURVES
12/6/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 29.5-30.0
Project No.: 1584-01-40 Date: 12/6/2003
Boring No.: T1-03-V-364  
Sample No.: 4
Description:

Tare Weight, (g):  50.29
149.9 (with tare)

Dry Weight After Washing (g): 147.26 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.03 99.97 100 0.03
#7 2.800 0.09 99.88 100 0.09
#10 2.000 0.13 99.75 100 0.13
#14 1.400 0.11 99.64 100 0.11
#18 1.000 0.07 99.57 90 0.06
#25 0.710 0.07 99.50 70 0.05
#35 0.500 0.15 99.35 60 0.09
#45 0.355 0.24 99.11 40 0.10
#60 0.250 1.11 97.99 20 0.22
#80 0.180 41.03 56.80 1 0.41
#120 0.125 48.17 8.44 1 0.48
#170 0.090 5.45 2.97 1 0.05
#230 0.063 0.54 2.43 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace silt, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-364Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, trace silt, gray (SP)
29.5-30.0

Sample No.

GRADATION CURVES
12/6/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 31.8-32.3
Project No.: 1584-01-40 Date: 12/6/2003
Boring No.: T1-03-V-364  
Sample No.: 5
Description:

Tare Weight, (g):  50.16
141.02 (with tare)

Dry Weight After Washing (g): 138.05 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.03 99.97 100 0.03
#10 2.000 0.07 99.89 100 0.07
#14 1.400 0.13 99.75 90 0.12
#18 1.000 0.14 99.59 90 0.13
#25 0.710 0.17 99.41 90 0.15
#35 0.500 0.24 99.14 60 0.14
#45 0.355 0.44 98.66 50 0.22
#60 0.250 2.28 96.15 10 0.23
#80 0.180 37.27 55.13 1 0.37
#120 0.125 39.83 11.29 1 0.40
#170 0.090 6.62 4.01 1 0.07
#230 0.063 0.72 3.21 1 0.01

Total Shell Content:  2 %

Dry Wt. Before Washing (g):

SAND, poorly-graded, mostly fine-grained quartz, trace carbonate, 
trace silt, gray (SP)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

2 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-364Boring No.

Classification
SAND, poorly-graded, mostly fine-grained 

quartz, trace carbonate, trace silt, gray (SP)
31.8-32.3

Sample No.

GRADATION CURVES
12/6/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 34.0-34.5
Project No.: 1584-01-40 Date: 12/6/2003
Boring No.: T1-03-V-364  
Sample No.: 6
Description:

Tare Weight, (g):  49.86
149.92 (with tare)

Dry Weight After Washing (g): 145.02 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 2.70 97.30 100 2.70
#7 2.800 2.14 95.16 100 2.14
#10 2.000 3.24 91.92 100 3.24
#14 1.400 3.31 88.62 100 3.31
#18 1.000 3.71 84.91 90 3.34
#25 0.710 4.19 80.72 70 2.93
#35 0.500 5.19 75.53 40 2.08
#45 0.355 4.01 71.53 20 0.80
#60 0.250 3.65 67.88 5 0.18
#80 0.180 13.76 54.13 1 0.14
#120 0.125 32.21 21.94 1 0.32
#170 0.090 14.17 7.78 1 0.14
#230 0.063 2.86 4.92 1 0.03

Total Shell Content:  21 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, little 
carbonate, few silt, gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

21 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-364Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, little carbonate, few silt, gray 
(SP-SM)

34.0-34.5
Sample No.

GRADATION CURVES
12/6/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 35.5-36.0
Project No.: 1584-01-40 Date: 12/6/2003
Boring No.: T1-03-V-365  
Sample No.: 1
Description:

Tare Weight, (g):  50.14
186.18 (with tare)

Dry Weight After Washing (g): 178.34 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.80 99.41 100 0.80
#4 4.750 5.77 95.17 100 5.77
#7 2.800 5.24 91.32 100 5.24
#10 2.000 3.90 88.45 100 3.90
#14 1.400 5.52 84.39 90 4.97
#18 1.000 5.13 80.62 70 3.59
#25 0.710 5.55 76.54 40 2.22
#35 0.500 5.44 72.54 30 1.63
#45 0.355 5.05 68.83 10 0.51
#60 0.250 6.06 64.38 5 0.30
#80 0.180 27.20 44.38 1 0.27
#120 0.125 36.91 17.25 1 0.37
#170 0.090 13.02 7.68 1 0.13
#230 0.063 2.51 5.84 1 0.03

Total Shell Content:  22 %

Dry Wt. Before Washing (g):

SAND, poorly-graded with silt, mostly fine-grained quartz, little 
carbonate, few silt, gray (SP-SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

22 Project1 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-365Boring No.

Classification
SAND, poorly-graded with silt, mostly fine-

grained quartz, little carbonate, few silt, gray 
(SP-SM)

35.5-36.0
Sample No.

GRADATION CURVES
12/6/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 37.5-38.0
Project No.: 1584-01-40 Date: 12/6/2003
Boring No.: T1-03-V-365  
Sample No.: 2
Description:

Tare Weight, (g):  49.31
160.95 (with tare)

Dry Weight After Washing (g): 139.18 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 2.26 97.98 0 0.00
#4 4.750 0.95 97.12 0 0.00
#7 2.800 0.59 96.60 70 0.41
#10 2.000 0.33 96.30 80 0.26
#14 1.400 1.18 95.24 50 0.59
#18 1.000 1.87 93.57 50 0.94
#25 0.710 2.49 91.34 30 0.75
#35 0.500 3.18 88.49 30 0.95
#45 0.355 3.80 85.09 20 0.76
#60 0.250 5.26 80.37 10 0.53
#80 0.180 17.81 64.42 2 0.36
#120 0.125 33.83 34.12 1 0.34
#170 0.090 12.42 22.99 1 0.12
#230 0.063 3.49 19.87 1 0.03

Total Shell Content:  5 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, few carbonate, trace 
limestone fragments, gray (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

5 Project2 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-365Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, few carbonate, trace limestone 
fragments, gray (SM)

37.5-38.0
Sample No.

GRADATION CURVES
12/6/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 39.5-40.0
Project No.: 1584-01-40 Date: 12/6/2003
Boring No.: T1-03-V-365  
Sample No.: 3
Description:

Tare Weight, (g):  50.38
183.74 (with tare)

Dry Weight After Washing (g): 153.07 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.08 99.94 0 0.00
#10 2.000 0.09 99.87 50 0.05
#14 1.400 0.09 99.81 80 0.07
#18 1.000 0.11 99.72 80 0.09
#25 0.710 0.17 99.60 50 0.09
#35 0.500 0.26 99.40 30 0.08
#45 0.355 0.38 99.12 5 0.02
#60 0.250 0.78 98.53 1 0.01
#80 0.180 38.57 69.61 1 0.39
#120 0.125 47.45 34.03 1 0.47
#170 0.090 11.44 25.45 1 0.11
#230 0.063 3.47 22.85 1 0.03

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, trace carbonate, 
brown (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project3 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-365Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, trace carbonate, brown (SM)
39.5-40.0

Sample No.

GRADATION CURVES
12/6/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 41.5-42.0
Project No.: 1584-01-40 Date: 12/6/2003
Boring No.: T1-03-V-365  
Sample No.: 4
Description:

Tare Weight, (g):  50.56
173.76 (with tare)

Dry Weight After Washing (g): 129.26 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.07 99.94 0 0.00
#18 1.000 0.03 99.92 0 0.00
#25 0.710 0.04 99.89 20 0.01
#35 0.500 0.15 99.76 10 0.02
#45 0.355 0.34 99.49 1 0.00
#60 0.250 0.62 98.99 1 0.01
#80 0.180 21.41 81.61 1 0.21
#120 0.125 41.76 47.71 1 0.42
#170 0.090 11.78 38.15 1 0.12
#230 0.063 2.24 36.33 1 0.02

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, some silt, trace carbonate, 
brown (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project4 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-365Boring No.

Classification
SAND, silty, mostly fine-grained quartz, 
some silt, trace carbonate, brown (SM)

41.5-42.0
Sample No.

GRADATION CURVES
12/6/2003Date

Elev. Or Depth

ENG FORM 2087
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 43.5-44.0
Project No.: 1584-01-40 Date: 12/6/2003
Boring No.: T1-03-V-365  
Sample No.: 5
Description:

Tare Weight, (g):  50.16
177.69 (with tare)

Dry Weight After Washing (g): 140.76 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.00 100.00 0 0.00
#10 2.000 0.00 100.00 0 0.00
#14 1.400 0.00 100.00 0 0.00
#18 1.000 0.05 99.96 50 0.03
#25 0.710 0.08 99.90 10 0.01
#35 0.500 0.22 99.73 5 0.01
#45 0.355 0.40 99.41 1 0.00
#60 0.250 0.68 98.88 1 0.01
#80 0.180 39.65 67.79 1 0.40
#120 0.125 39.84 36.55 1 0.40
#170 0.090 6.70 31.29 1 0.07
#230 0.063 2.38 29.43 1 0.02

Total Shell Content:  1 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, some silt, trace carbonate, 
brown (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

1 Project5 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-365Boring No.

Classification
SAND, silty, mostly fine-grained quartz, 
some silt, trace carbonate, brown (SM)

43.5-44.0
Sample No.

GRADATION CURVES
12/6/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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  WOLF TECHNOLOGIES, INC.
   3047-4 St. Johns Bluff Road S.
   Jacksonville, Florida  32246
   (904) 997-1400 (Tel)  · (904) 997-9150 (Fax)

VISUAL SHELL CONTENT

GRAIN SIZE AND VISUAL SHELL CONTENT

Project: Depth: 45.5-46.0
Project No.: 1584-01-40 Date: 12/6/2003
Boring No.: T1-03-V-365  
Sample No.: 6
Description:

Tare Weight, (g):  50.25
191.11 (with tare)

Dry Weight After Washing (g): 155.24 (with tare)

Sieve Size 
(Name)

Sieve Size 
(mm)

Weight 
Retained (g) % Passing

Approx. 
Visual Shell 

%

Approx. Visual 
Shell Wt. (g)

3/4" 19.000 0.00 100.00 0 0.00
3/8" 9.500 0.00 100.00 0 0.00
#4 4.750 0.00 100.00 0 0.00
#7 2.800 0.02 99.99 0 0.00
#10 2.000 0.25 99.81 0 0.00
#14 1.400 0.30 99.60 0 0.00
#18 1.000 0.23 99.43 0 0.00
#25 0.710 0.24 99.26 0 0.00
#35 0.500 0.48 98.92 1 0.00
#45 0.355 0.60 98.49 1 0.01
#60 0.250 0.84 97.90 0 0.00
#80 0.180 61.74 54.07 0 0.00
#120 0.125 31.48 31.72 0 0.00
#170 0.090 6.15 27.35 0 0.00
#230 0.063 2.26 25.75 0 0.00

Total Shell Content:  0 %

Dry Wt. Before Washing (g):

SAND, silty, mostly fine-grained quartz, little silt, brown (SM)

Topsail Beach, Surf City & North Topsail



 

% CO3 Gs Nat w% LL PL PI

0 Project6 Topsail Beach, Surf City & North Topsail

Area
T1-03-V-365Boring No.

Classification
SAND, silty, mostly fine-grained quartz, little 

silt, brown (SM)
45.5-46.0

Sample No.

GRADATION CURVES
12/6/2003Date

Elev. Or Depth

ENG FORM 2087
MAY 63
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Appendix E:  Sand Compatibility Analysis 
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Appendix E:  Sand Compatibility Analysis 
 
 
1. Introduction.  Sands making up the native beach are generally hydraulically 

sorted with the coarser grain sizes concentrated in the foreshore region, where 
wave energy is the greatest, and the finer grain sizes located in the offshore 
areas seaward of the surf zone. In order for the borrow material to be 
compatible with the native beach sand, the borrow material must contain 
essentially all of the same grain sizes that exist on the active beach profile of 
the project area. In this regard, the active beach profile is generally defined in 
engineering terms as the portion of the profile from the top of the beach berm 
seaward to depths where significant sand transport by wave energy is 
negligible.  At Topsail Island, the active beach profile appears to end in a water 
depth of approximately 23 feet below National Geodetic Vertical Datum 
(NGVD).  Note that sediment movement in water depths greater than 23 feet 
below NGVD is known to occur. However, the rate of sediment movement in 
these deeper depths is relatively small compared to rate of movement in the 
shallower depths and are therefore of minor importance in the day to day and 
year to year behavior of the beach profile. 

 
2.  Definitions.  Definitions are included to provide better understanding of the 

terminology used in this appendix.  
 

Active zone.  The zone that extends from the top of the beach berm seaward 
to depths where sediment transport induced by waves is negligible. 
 
Beach berm.  A nearly horizontal part of the beach or backshore formed by 
the deposit of material by wave action. 
 
Datum.  Any permanent line, plane, or surface, used as a reference to which 
elevations are referred. 
 
Foreshore.  The part of the shore, lying between the crest of the seaward 
berm (or upper limit of wave wash at high tide) and the ordinary low water 
mark, that is ordinarily traversed by the uprush and backrush of the waves as 
the tides rise and fall.   
 
Grain size.  Refers to the mean or effective diameter of individual mineral 
grains or particles.  Grain size analysis passes particles through a series of 
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sieves with known mesh sizes to determine the grain size based on the 
amount of particles retained or passing a sieve.   
 
Mean high water (MHW).  The average height of high waters over a 19-year 
period.  For shorter periods of observations, corrections are applied to 
eliminate known variations and reduce the results to the equivalent of a mean 
19-year value. 
 
Mean low water (MLW).   The average height of low waters over a 19-year 
period.  For shorter periods of observations, corrections are applied to 
eliminate known variations and reduce the results to the equivalent of a mean 
19-year value. 
 
Mean sea level (MSL).  The average height of the surface of the sea for all 
the stages of the tide over a 19-year period, usually determined from hourly 
height readings.  Not necessarily equal to mean tide level.  It is also the 
average water level that would exist in the absence of tides. 
 
Offshore.  The zone extending from the shoreface to the edge of the 
continental shelf.   
 
Overfill ratio.  Used to evaluate the compatibility of sediments and to relate 
the volume of borrow site sediment required for a project to perform 
comparably with native beach sand.   
 
Phi scale.  A common method to represent grain size distribution.  The scale 
is a logarithmic transformation of the Wentworth grade scale for size 
classifications of sediment grains based on the negative logarithm to the base 
2 of the particle diameter. A phi value is dimensionless and has equivalent 
millimeter values.   
 
Vibracore.  A drill machine driven by a vibrating head assembly to collect 
sediment samples.  Ocean sediment samples are collected by lowering the 
machine from a floating vessel to the ocean floor.   
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3. Grain Size Nomenclature.  Note that the mean grain sizes of the native and 

borrow area materials are reported in both millimeters (mm) and phi (N) units 
in this report where phi is related to the grain size as follows: 

 
N = -log2(d) 

where: 
d = grain size in millimeters (mm) 
log2 = logarithm to the base 2 
 

Since the distribution of the sand samples can generally be represented as 
log-normal distributions, the standard deviations and variances of the particle 
size distributions are reported in phi units. 

 
4. Native Beach Sampling and Results.  The characteristics of the native 

beach material at Topsail Island were determined through an extensive 
sampling program.  The details and results of the sampling are discussed 
below.  The sampling of the native beach material was concentrated in two 
areas.  The foreshore, which extends from mean low water (approximately 1.9 
feet below NGVD in the study area) landward to the seaward toe of the dune 
and the offshore area, which extends seaward from mean low water to a depth 
of 23 feet below NGVD.  The foreshore and offshore samples were collected at 
approximately 5,000-foot intervals along the study area in order to evaluate 
grain size differences along the study area.  The samples collected at each 
interval or profile line (see Appendix A, Figure A-2) were combined to develop 
the composite characteristics of the native beach material to be used in the 
compatibility analysis of the borrow material. The composite characteristics of 
the native beach material refers to a singular grain size distribution, in terms of 
percent passing a particular sieve size, that contains all of the sand grain sizes 
on the active beach profile. 

 
Foreshore Zone 

 
Samples of the native beach material were collected from the seaward toe of 
the dune (TOE), center of the berm (CREST), mean high water (MHW), mean 
sea level (MSL), and mean low water (MLW) at the aforementioned 5,000-foot 
profile lines (Appendix A, Figure A-2) along the study area shoreline. The grain 
size distribution of each sample was determined by standard sieve analysis, 
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from which the mean and standard deviation of the grain size distribution of 
each sample were determined. 

  
Plots of the variation in the mean grain size of the 5 foreshore samples 
collected at each sample profile line along the study area shoreline are shown 
on Figures E-1 through E-5. The mean grain size of the samples collected at 
the toe of the dune and the crest of the berm (Figures E-1 and E-2) do not 
follow a large trend.  The mean grain size of these samples does decrease in 
size slightly from south to north in the study area.  The mean grain size of the 
samples collected at mean high water (Figure E-3) do not follow any trend and 
decrease and increase several times between profile lines.  The samples 
collected from the mean sea level and mean low water point (Figures E-4 and 
E-5) increase in size slightly from south to north in the study area but do not 
show a large trend. 

 
The average grain size of the foreshore samples were computed from the 5 
samples collected at each sample profile line and plotted.  This plot is shown 
on Figure E-6. This average mix of the foreshore samples is similar to the 
individual foreshore sample figures and shows very little to no trend for 
changes in size of the foreshore material throughout the study area.  Also 
shown on Figure E-6 is the composite standard deviation of the 5 foreshore 
samples. The foreshore samples appear to be well sorted, i.e.; the distribution 
of grain sizes is relatively small throughout the study area. 

 
Active Beach Profile Zone 
 
While the foreshore samples provide some insight into the local shore 
processes in the area, the success of any beach nourishment project depends 
on the ability to find borrow material that is compatible with all of the material 
on the active beach profile, not just the foreshore.  In the case of Topsail 
Island, this active littoral zone appears to extend to a depth of 23 feet below 
NGVD.  Accordingly, samples were obtained from the 5,000-foot profile lines 
(Appendix A, Figure A-2) along the study area with samples collected in 2-foot 
depth increments along each profile, extending to a 24-foot depth.  Sampling 
based on water depth accounts for the natural hydraulic sorting of sand grain 
sizes that occurs as a result of wave and tide action. 
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Composite Characteristics for Project Areas 
 
The size distributions of all of the beach samples collected from each of the 
profiles are given in Table E-1.  The composite characteristics of the native 
beach sands along the Topsail Beach study area were computed by 
mathematically mixing all of the samples collected from the active beach profile 
to obtain a singular mean and standard deviation representative of all of the 
sediment on the active beach profile.  The composite characteristics for 
Topsail Beach are summarized in Table E-2.  The composite mean for Topsail 
Beach is 2.18 phi (0.22 mm) with a standard deviation of 1.50 phi.  As stated 
earlier, the standard deviation is relatively the same for all profile lines 
indicating that the sediments are well sorted throughout the project area. 

 
5. Borrow Material Sampling and Results.  The search for borrow material was 

concentrated in Banks Channel behind Topsail Island and in the ocean waters 
off Topsail Island beginning in water depths of 30 feet below NGVD and 
extending seaward to approximately 6.5 miles offshore.  Details of this offshore 
search for beach compatible material is described in Appendix C, Geotechnical 
Analyses, and consisted of a combination of seismic surveys followed by the 
collection of vibracores at 369 locations.  Boring logs were developed for each 
vibracore based on visual classifications of the material in the cores.  The sand 
layers in each vibracore were sampled for grain size analysis.  The results of 
the grain size analysis of the vibracore material combined with the seismic 
bottom profile data, was used to delineate the boundaries of six (6) potential 
offshore borrow areas.  Composite grain size characteristics of the material in 
each of these potential borrow areas were computed for comparison with the 
composite characteristics of the native beach material. 

 
Borrow Material Vibracores  
 
The investigation was conducted in two major phases. Phase one consisted of 
the collection of over 142 miles of seismic subbottom profiles while phase two 
involved the collection of 167 vibracores for the Topsail Beach project.  The 
search area and the seismic lines surveyed in this effort for the entire Topsail 
Island are displayed in Attachment 1 to Appendix C, Geotechnical Analyses.  
The seismic survey data was analyzed to determine areas where beach quality 
material of sufficient depth appeared likely.   
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Based on the interpretation of the seismic data, a vibracore drilling plan was 
developed to determine the characteristics of the subbottom material.  In this 
regard, the seismic data only provides information on the layering of material 
and does not provide information of the granular characteristics of the material.  
The vibracores consist of vibrating a 20-foot long plastic core into the ocean 
bottom. The plastic core is then split and the material characteristics in the 
core visually classified.  Material collected in the core was sampled and the 
size distribution of that material was determined through standard sieve 
analysis.  In general, the cores were sampled in two-foot intervals or more 
frequently if a significant difference in the character of the material was visually 
apparent.  The locations of the vibracores collected for the Topsail Beach 
study area are shown on Figure A-2 in Appendix A.  Logs of each of the 
vibracores are provided in Attachment 2 to Appendix C, Geotechnical 
Analyses.  

 
Borrow Site Vibracore Analysis   
 
The results of the grain size analysis was used to delineate the potential 
borrow areas.  The six defined borrow areas (designated as A, B, C, D, E, and 
F) and the vibracores taken within each of the areas are shown on Figure A-2 
in Appendix A.   The grain size characteristics of all of the samples collected 
from each of the cores within the six potential borrow areas are given in Tables 
E-3 through E-8.  The grain size characteristics of the borrow area samples 
were used to develop weighted composite grain size distribution representative 
of all of the material in each of the borrow areas.  The weighting was based on 
the thickness of the core represented by a particular sample in each core from 
which a weighted composite distribution for each core was determined.  The 
weighted core distributions were used to compute the overall composite 
characteristics for the entire borrow area.   

 
Included in the analysis was an estimate of the amount of fine-grained 
sediments in each core, that is sediment finer than the 200 sieve (0.074-mm).  
With regard to the percentage of fine-grained sediments, borrow areas 
containing more than 10 percent fines are generally considered to be 
incompatible for placement on the beach due to potential problems with 
increased turbidity and siltation during placement.  The final weighted 
composite characteristics for each of the six borrow areas are given in Tables 
E-9 to E-15.  As illustrated in these tables, the borrow areas are have 
acceptable levels of silt content (less than 10 percent). 
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6. Overfill Ratio.  The suitability of the borrow material for placement on the 

beach is based on the overfill ratio.  The overfill ratio is computed by 
numerically comparing the size distribution characteristics of the native beach 
sand with that in the borrow area and includes an adjustment for the percent of 
fines in the borrow area.  The overfill ratio is primarily based on the assumption 
that the borrow material will undergo sorting and winnowing once exposed to 
waves and currents in the littoral zone, with the resulting sorted distribution 
approaching that of the native sand.   

 
Since borrow material will rarely match the native material exactly, the amount 
of borrow material needed to result in a net cubic yard of beach fill material will 
generally be greater than one cubic yard.  The excess material needed to yield 
one net cubic yard of material in place on the beach profile is the overfill ratio.  
The overfill ratio is defined as the ratio of the volume of borrow material 
needed to yield one net cubic yard of fill material.  For example, if 1.5 cubic 
yards of fill material is needed to yield one net yard in place, the overfill factor 
would equal 1.5.  The numerical procedure for computing the overfill ratio is 
contained in a suite of computer programs contained in the Automated Coastal 
Engineering System (ACES) produced by the U.S. Army Coastal Engineering 
Research Center.  The procedure is also described in the U.S. Army Coastal 
Engineering Manual EM-1110-2-1100 Part V (July 2003).  A summary of beach 
and borrow characteristics, as well as, the computed overfill ratios is shown in 
Table E-15. 

 
7. Compatibility and Borrow Sources.  The compatibility analysis compares 

the grain size of the “native beach” or the “reference beach” with the material 
in the proposed borrow material.  The overfill ratio is the primary indicator of 
the compatibility of the borrow material to the beach material, with a value of 
1.00 indicating that one cubic yard of borrow material is needed to match one 
cubic yard of beach material.  An overfill ratio of up to 1.5 is generally 
considered acceptable as a match of compatibility.  As shown in Table E-15, 
the overfill ratios for all of the potential borrow areas were below 1.5 indicating 
they are compatible for the Topsail Beach project.   

  
The volume of borrow material available in borrow areas A, B, C, D, E, and F 
is approximately 21.1 million cubic yards.  Borrow area A is the largest of the 
7 potential sites with a total available volume of approximately 13.2 million 
cubic yards.   
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The volume of material in A is sufficient to satisfy the initial construction and a 
portion of most of the periodic nourishment cycles for the full 50-year 
economic life of the project.  The composite mean grain size of material in 
borrow area A is 2.35 phi (0.20 mm) which is slightly smaller than the 
composite mean grain size of the native beach sand of 2.18 phi (0.22 mm).  
As a result the overfill factor for borrow area A is 1.35.   

 
Additional material for the periodic nourishment cycles can be accomplished 
from 4 other borrow sites (B, D, E, and F) for various cycles.  The composite 
mean grain size of the material from these borrow areas is relatively the same 
as the native beach sands.  Relative to all of the borrow areas, borrow area C 
is the greatest distance from the project area (approximately 5.5 to 6.5 miles) 
and therefore is the least cost effective.  Therefore, as stated in section 
7.04.1.1, borrow area C would be reserved for contingency purposes.  The 
composite mean grain size of the material in borrow area C is 2.32 (0.20 mm) 
which is slightly smaller than the composite mean grain size of the native 
beach sand.  The overfill ratio for borrow area C is 1.45.  Based on 
preliminary evaluation, borrow site F may be incompatible with the native 
material at Topsail Beach.  However, additional characterization of the borrow 
areas will be conducted prior to use to confirm compatibility.  
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Figure E-1: Mean Grain Size at Dune Toe (TOE)
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Figure E-2: Mean Grain Size at Berm Crest (CREST)
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Figure E-3: Mean Grain Size at Mean High Water (MHW)
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Figure E-4: Mean Grain Size at Mean Sea Level (MSL)
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Figure E-5: Mean Grain Size at Mean Low Water (MLW)
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Figure E-6: Mean and Standard Deviation of All Foreshore 
Samples
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 Table E-1 
Native Beach Samples 

PROFILE LINE TB-1 
TB-1-TOE 2.27 0.23 0.1 3 

TB-1-CREST 2.33 0.29 0.5 3 
TB-1-MHW 1.84 0.69 0.9 14 
TB-1-MLW 0.44 1.53 2.2 54 
TB-1-MSL 1.59 0.95 1.1 23 

TB-1-3 1.74 0.45 0.4 2 
TB-1-4 1.43 1.16 0.8 28 
TB-1-6 2.53 0.38 1.1 2 
TB-1-8 2.49 0.39 1.3 2 

TB-1-10 2.48 0.38 1.1 2 
TB-1-12 2.44 0.37 1.3 3 
TB-1-14 2.54 0.38 1.3 3 
TB-1-16 2.42 0.37 1.1 3 
TB-1-18 2.50 0.38 1.4 3 
TB-1-20 2.44 0.38 1.4 3 
TB-1-22 2.46 0.37 1.8 5 
TB-1-24 2.45 0.36 1.1 5 

PROFILE LINE TB-2 
TB-2-TOE 1.40 1.23 1.0 30 

TB-2-CREST 2.13 0.40 0.8 7 
TB-2-MHW 1.06 1.32 0.4 39 
TB-2-MLW 0.84 1.40 1.0 42 
TB-2-MSL 1.65 0.95 1.2 23 

TB-2-3 0.89 1.81 0.5 35 
TB-2-4 2.34 0.43 0.9 9 
TB-2-6 2.44 0.38 1.2 4 
TB-2-8 2.52 0.43 1.5 6 

TB-2-10 2.52 0.45 1.6 8 
TB-2-12 2.49 0.41 1.4 7 
TB-2-14 2.60 0.38 1.3 3 
TB-2-16 2.55 0.39 1.8 3 
TB-2-18 2.58 0.39 1.9 4 
TB-2-20 2.58 0.41 2.3 4 
TB-2-22 2.50 0.42 2.0 6 
TB-2-24 2.52 0.43 2.9 8 

Std Dev  
(phi) Sample Description Mean (phi) % Shell % Silt (#200  

sieve) 
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Table E-1
Native Beach Samples (continued)

PROFILE LINE TB-3
TB-3-TOE 1.67 0.64 0.4 17

TB-3-CREST 2.31 0.31 0.2 6
TB-3-MHW 2.13 0.38 0.1 10
TB-3-MLW 1.70 0.83 1.3 21
TB-3-MSL 1.99 0.50 1.2 14

TB-3-3 0.96 1.32 0.6 43
TB-3-4 2.16 0.57 0.5 14
TB-3-6 1.75 1.09 0.9 20
TB-3-8 2.47 0.39 0.5 7

TB-3-10 2.46 0.38 0.7 4
TB-3-12 2.48 0.44 2.3 7
TB-3-14 2.44 0.41 1.7 6
TB-3-16 2.48 0.39 1.6 5
TB-3-18 2.51 0.39 1.6 5
TB-3-20 2.59 0.39 2.4 7
TB-3-22 2.56 0.39 2.6 5
TB-3-24 2.40 0.41 1.8 10

PROFILE LINE TB-4
TB-4-TOE 1.32 0.88 1.0 25

TB-4-CREST 1.94 0.59 0.1 16
TB-4-MHW 1.66 0.77 0.1 21
TB-4-MLW 1.49 0.94 1.0 26
TB-4-MSL 1.90 0.51 0.3 14

TB-4-3 -0.36 1.23 0.8 55
TB-4-4 2.13 0.42 1.1 10
TB-4-6 2.40 0.40 0.4 8
TB-4-8 2.26 0.59 1.1 11

TB-4-10 2.56 0.42 1.4 6
TB-4-12 1.57 1.35 1.3 25
TB-4-14 2.55 0.43 2.7 6
TB-4-16 2.48 0.40 1.3 6
TB-4-18 2.46 0.39 2.1 6
TB-4-20 2.56 0.42 2.9 8
TB-4-22 2.54 0.42 3.1 6
TB-4-24 2.56 0.42 3.2 6

Std Dev 
(phi)Sample Description Mean (phi) % Shell% Silt (#200 

sieve)
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Table E-1
Native Beach Samples (continued)

PROFILE LINE TB-5
TB-5-TOE 1.91 0.49 6.6 15

TB-5-CREST 1.56 0.83 1.4 27
TB-5-MHW 1.18 1.08 0.1 31
TB-5-MLW 1.50 0.92 1.1 26
TB-5-MSL 2.06 0.44 0.9 12

TB-5-3 1.10 1.01 1.1 42
TB-5-4 2.33 0.48 0.9 11
TB-5-6 2.34 0.47 1.1 9
TB-5-8 2.34 0.51 1.0 10

TB-5-10 2.31 0.71 2.8 15
TB-5-12 2.48 0.43 2.6 6
TB-5-14 2.45 0.42 2.2 7
TB-5-16 2.49 0.42 2.4 5
TB-5-18 2.53 0.42 2.5 4
TB-5-20 2.55 0.39 2.9 8
TB-5-22 2.60 0.41 3.6 4
TB-5-24 2.59 0.44 5.7 5

PROFILE LINE TB-6
TB-6-TOE 1.79 0.55 0.5 14

TB-6-CREST 2.07 0.42 0.7 11
TB-6-MHW 1.89 0.55 0.9 13
TB-6-MLW 1.58 0.85 1.0 23
TB-6-MSL 1.71 0.72 1.3 18

TB-6-3 1.23 1.11 1.2 30
TB-6-4 2.16 0.54 0.7 9
TB-6-6 1.91 0.75 0.9 14
TB-6-8 2.25 0.66 1.4 13

TB-6-10 2.39 0.58 2.2 10
TB-6-12 2.54 0.43 3.1 6
TB-6-14 2.57 0.48 3.4 6
TB-6-16 2.56 0.41 2.9 4
TB-6-18 2.56 0.40 2.9 3
TB-6-20 2.62 0.37 3.5 4
TB-6-22 2.60 0.39 5.2 4
TB-6-24 2.66 0.41 6.6 2

Sample Description Mean (phi) Std Dev 
(phi) % Shell% Silt (#200 

sieve)
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Table E-2
Composite Characteristics for Native Beach Sands

TB-1 17 2.24 0.57 1.1 9 38.09 9.72
TB-2 17 2.17 0.75 1.4 14 36.95 12.80
TB-3 17 2.23 0.59 1.2 12 37.92 10.11
TB-4 17 2.04 0.87 1.4 15 34.66 14.74
TB-5 17 2.15 0.75 2.3 14 36.56 12.68
TB-6 17 2.22 0.67 2.3 11 37.72 11.34

Native Beach Sands Composite Data
Mean 2.18
Std Dev 0.70
%Silt 1.6
% Shell 12

Cumulative 
Depth

Profile 
Line

Mean 
(phi)

Std Dev 
(phi)

% Silt (#200 
sieve)

Weighted 
Mean

Weighted 
Std Dev% Shell
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Table E-3
Borings for Borrow Area A

Top Bottom
TI-03-V-124 1 -38.5 -40.5 2 1.72 1.59 9.6 22 3.45 3.17

2 -40.5 -42.5 2 2.37 0.54 19.2 11 4.75 1.07
3 -42.5 -45 2.5 2.79 0.42 6.9 3 6.97 1.06
4 -45 -48 3 2.84 0.58 14.1 1 8.51 1.74
5 -48 -51 3 2.73 0.67 14.9 1 8.19 2.01
6 -51 -53.5 2.5 2.61 0.47 12.6 1 6.52 1.19

EL -38.5 to -40.5 D= 2 1.72 1.59 9.6 22 3.45 3.17

TI-03-V-125 1 -38.9 -40.9 2 2.31 0.98 9.2 17 4.62 1.95
2 -40.9 -43 2.1 2.71 0.58 12.2 9 5.69 1.21
3 -43 -46 3 2.94 0.42 13.1 1 8.81 1.27
4 -46 -48 2 2.93 0.44 13.0 1 5.85 0.87
5 -48 -50.5 2.5 2.95 0.55 14.8 1 7.37 1.38
6 -50.5 -51 0.5 2.88 0.67 15.1 1 1.44 0.33

D=2 2.31 0.98 9.2 17 4.62 1.95

TI-03-V-126 1 -38.7 -41 2.3 1.00 2.20 9.3 43 2.31 5.05
2 -41 -43.5 2.5 2.77 0.38 7.4 3 6.92 0.94
3 -43.5 -45.5 2 3.06 0.64 16.4 2 6.12 1.28
4 -45.5 -47.5 2 2.75 0.57 12.7 2 5.49 1.15
5 -47.5 -49.2 1.7 3.28 1.32 21.7 1 5.57 2.24
6 -49.2 -49.7 0.5 2.81 0.61 14.2 2 1.40 0.30

D=4.8 1.76 1.79 8.3 22 8.43 8.58

TI-03-V-127 1 -39.8 -42.3 2.5 1.41 1.91 4.4 28 3.52 4.77
2 -42.3 -44 1.7 2.86 0.36 8.4 1 4.86 0.61
3 -44 -44.7 0.7 2.90 0.36 8.2 1 2.03 0.25

D=4.9 2.19 1.11 6.3 15 10.74 5.42

EL -38.9 to -40.9

EL -38.7 to -43.5

EL -39.8 to -44.7

Weighted Std 
Dev (phi)Mean (phi) Std Dev 

(phi)
% Silt (#200 

sieve)
Weighted Mean 

(phi)% ShellLayer Depth (ft) Layer 
Thickness (ft)

Boring 
Number

Layer 
Number
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Table E-3
Borings for Borrow Area A (cont.)

Top Bottom
TI-03-V-129 1 -40.9 -42.5 1.6 1.48 1.25 1.3 24 2.38 1.99

2 -42.5 -43.4 0.9 2.41 0.54 2.3 9 2.17 0.49
3 -43.4 -44.3 0.9 >4.0 NA 37.6 7 NA NA
4 -44.3 -47.6 3.3 1.59 1.16 7.7 6 5.24 3.83
5 -47.6 -49.2 1.6 >4.0 NA 71.2 1 NA NA

D=2.5 1.84 1.09 1.7 19 4.61 2.73

TI-03-V-130 1 -42.6 -45.1 2.5 2.62 0.51 8.9 7 6.56 1.27
2 -45.1 -47 1.9 2.82 0.32 6.2 2 5.36 0.60
3 -47 -49 2 2.82 0.29 5.0 1 5.64 0.57
4 -49 -50.9 1.9 2.65 0.44 5.2 1 5.03 0.83

D=8.3 2.71 0.42 6.5 3 22.52 3.46

TI-03-V-182 1 -44.7 -46 1.3 2.30 0.63 2.9 7 2.99 0.82
2 -46 -47 1 1.88 1.26 2.6 11 1.88 1.26
3 -47 -49 2 2.90 0.44 12.6 1 5.81 0.89
4 -49 -52.3 3.3 2.93 0.42 12.2 0 9.66 1.38

D=4.3 2.55 0.49 7.3 5 10.97 2.12

TI-03-V-187 1 -42.5 -44.5 2 2.40 0.65 3.8 11 4.81 1.29
2 -44.5 -46.5 2 2.81 0.55 11.0 7 5.63 1.09
3 -46.5 -49 2.5 2.92 0.40 10.8 1 7.29 1.00
4 -49 -52 3 2.92 0.42 11.4 1 8.77 1.26
5 -52 -54 2 2.81 0.56 12.5 1 5.63 1.13
6 -54 -55.5 1.5 3.37 1.27 21.6 1 5.06 1.91

D=4 2.63 0.56 7.4 9 10.51 2.23

EL -42.6 to -50.9

EL -44.7 to -49

EL -42.5 to -46.5

EL -40.9 to -43.4

Boring 
Number

Layer 
Number

Layer Depth (ft) Layer 
Thickness (ft) Mean (phi) Std Dev 

(phi)
% Silt (#200 

sieve) % Shell Weighted Mean 
(phi)

Weighted Std 
Dev (phi)
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Table E-3
Borings for Borrow Area A (cont.)

Top Bottom
TI-03-V-188 1 -44.2 -47.8 3.6 1.74 1.51 3.7 19 6.28 5.45

2 -47.8 -50 2.2 2.97 0.46 14.1 2 6.54 1.02
3 -50 -52 2 3.07 0.52 14.8 0 6.13 1.05
4 -52 -54.2 2.2 2.93 0.48 13.7 1 6.44 1.05

D=7.8 2.69 0.65 9.5 9 21.01 5.05

TI-03-V-189 1 -45.5 -47.5 2 2.36 0.60 3.3 8 4.72 1.20
2 -47.5 -51 3.5 2.06 1.16 8.2 16 7.22 4.05
3 -51 -54.8 3.8 2.81 0.60 12.9 8 10.67 2.28
4 -54.8 -57 2.2 2.91 0.46 12.3 5 6.41 1.01
5 -57 -59 2 3.04 0.55 15.0 3 6.09 1.10
6 -59 -59.5 0.5 2.92 0.47 13.4 2 1.46 0.24

D=9.3 2.46 0.77 9.1 11 22.91 7.17

TI-03-V-197 1 -45.5 -47 1.5 2.23 0.64 1.9 8 3.35 0.96
2 -47 -49.5 2.5 2.88 0.43 11.4 3 7.20 1.06
3 -49.5 -52 2.5 3.35 0.77 26.7 1 8.38 1.93
4 -52 -52.9 0.9 >4.0 NA 73.5 0 NA NA
5 -52.9 -55 2.1 3.61 1.03 40.5 1 7.58 2.16
6 -55 -56.7 1.7 3.71 1.18 42.0 1 6.30 2.00
7 -56.7 -57.5 0.8 >4.0 NA 72.4 0 NA NA

D=4 2.61 0.51 7.9 5 10.43 2.03

TI-03-V-202 1 -46.3 -48 1.7 2.24 0.75 2.2 9 3.81 1.27
2 -48 -50 2 2.70 0.79 13.8 9 5.39 1.58
3 -50 -52 2 2.99 1.09 18.3 18 5.99 2.19
4 -52 -53.9 1.9 2.92 0.69 15.3 9 5.54 1.30

D=3.7 2.44 0.77 8.5 9 9.02 2.85

EL -45.5 to -54.8

EL -45.5 to -49.5

EL -46.3 to -50

EL -44.2 to -52

Boring 
Number

Layer 
Number

Layer Depth (ft) Layer 
Thickness (ft) Mean (phi) Std Dev 

(phi)
% Silt (#200 

sieve) % Shell Weighted Mean 
(phi)

Weighted Std 
Dev (phi)
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Table E-3
Borings for Borrow Area A (cont.)

Top Bottom
TI-03-V-203 1 -43.4 -45.5 2.1 0.93 2.03 2.5 25 1.96 4.26

2 -45.5 -46.6 1.1 2.28 0.64 2.3 10 2.51 0.70
D=3.2 1.34 1.78 2.4 20 4.30 5.69

TI-03-V-208 1 -49 -51 2 2.61 0.42 5.4 6 5.22 0.83
2 -51 -52.2 1.2 2.88 0.41 10.9 3 3.45 0.49

D=3.2 2.70 0.44 7.4 5 8.63 1.39

TI-03-V-216 1 -48.2 -49 0.8 1.15 2.12 2.2 23 0.92 1.70
2 -49 -50.3 1.3 1.75 1.94 13.2 18 2.27 2.52

D=2.1 1.45 1.95 9.0 20 3.05 4.09

EL -49 to -52.2

EL -48.2 to -50.3

EL -43.4 to -46.6

Mean (phi) Std Dev 
(phi)

% Silt (#200 
sieve) % ShellBoring 

Number
Layer 

Number
Layer Depth (ft) Layer 

Thickness (ft)
Weighted Mean 

(phi)
Weighted Std 

Dev (phi)
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Table E-4
Borings for Borrow Area B

Top Bottom
TI-03-V-132 1 -42.2 -43.8 1.6 0.58 2.04 1.7 44 0.93 3.27

2 -43.8 -46 2.2 2.64 0.44 6.6 5 5.81 0.96
3 -46 -47.6 1.6 2.86 0.37 8.7 2 4.58 0.59

EL -42.2 to -47.6 D= 5.4 2.09 1.16 5.8 16 11.28 6.24

TI-03-V-205 1 -43.2 -45.2 2 2.39 0.56 2.8 6 4.79 1.12
2 -45.2 -47.2 2 >4.0 NA 70.6 0 NA NA
3 -47.2 -50 2.8 3.73 1.02 42.1 1 10.44 2.85
4 -50 -53 3 3.74 1.09 43.5 1 11.21 3.27
5 -53 -55.2 2.2 3.32 0.84 25.9 1 7.30 1.84

D=2 2.39 0.56 2.8 6 4.79 1.12

Layer Depth (ft) Layer 
Thickness (ft)

Boring 
Number

Layer 
Number

Weighted Std 
Dev (phi)Mean (phi) Std Dev 

(phi)
% Silt (#200 

sieve)
Weighted Mean 

(phi)% Shell

EL -43.2 to -45.2
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Table E-5
Borings for Borrow Area C

Top Bottom
TI-03-V-174 1 -45.5 -47.8 2.3 2.43 0.53 2.9 9 5.60 1.22

2 -47.8 -49.5 1.7 >4.0 NA 69.1 3 NA NA
3 -49.5 -50.5 1 >4.0 NA 81.3 3 NA NA
4 -50.5 -51.3 0.8 3.53 1.27 26.3 2 2.83 1.02

EL -45.5 to -47.8 D= 2.3 2.43 0.53 2.9 9 5.60 1.22

TI-03-V-178 1 -46.3 -48.5 2.2 2.58 0.53 7.9 9 4.62 1.95
2 -48.5 -50.5 2 2.95 0.43 11.6 2 5.91 0.85
3 -50.5 -52 1.5 2.52 0.81 9.7 11 3.79 1.21
4 -52 -54.5 2.5 2.59 0.49 8.1 2 6.48 1.22
5 -54.5 -57 2.5 2.50 0.44 4.2 3 6.26 1.10
6 -57 -60 3 2.06 0.87 4.2 9 6.19 2.61
7 -60 -62.5 2.5 2.01 0.87 2.5 2 5.03 2.17
8 -62.5 -63.3 0.8 2.69 0.31 3.9 1 2.16 0.25

D=2.2 2.58 0.53 7.9 9 4.62 1.95

TI-03-V-185 1 -46.5 -48.5 2 2.38 0.53 1.6 5 4.75 1.05
2 -48.5 -51 2.5 2.73 0.63 12.7 8 6.83 1.57
3 -51 -53 2 3.12 0.68 17.8 8 6.25 1.36
4 -53 -55 2 >4.0 NA 52.1 1 NA NA
5 -55 -58 3 >4.0 NA 87.9 0 NA NA
6 -58 -61 3 >4.0 NA 89.1 0 NA NA
7 -61 -64.3 3.3 3.32 0.81 28.2 1 10.97 2.66
8 -64.3 -64.8 0.5 3.06 0.72 17.5 1 1.53 0.36

D=4.5 2.54 0.49 7.8 7 11.43 2.21

Layer Depth (ft) Layer 
Thickness (ft)

Boring 
Number

Layer 
Number

Weighted Std 
Dev (phi)Mean (phi) Std Dev 

(phi)
% Silt (#200 

sieve)
Weighted Mean 

(phi)% Shell

EL -46.3 to -48.5

EL -46.5 to -51
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Table E-5
Borings for Borrow Area C (cont.)

Top Bottom
TI-03-V-186 1 -47.7 -49.5 1.8 2.42 0.49 3.0 7 4.36 0.88

2 -49.5 -51 1.5 2.48 0.43 5.0 7 3.72 0.65
3 -51 -53.9 2.9 2.73 0.51 9.3 2 7.92 1.47
4 -53.9 -56 2.1 >4.0 NA 60.3 2 NA NA
5 -56 -57 1 >4.0 NA 73.5 0 NA NA
6 -57 -60 3 3.28 0.84 27.2 2 9.85 2.52
7 -60 -63 3 2.93 0.45 12.7 2 8.79 1.36
8 -63 -65.5 2.5 3.18 0.76 18.7 1 7.96 1.90

D=3.3 2.46 0.44 3.9 7 8.12 1.47

TI-03-V-192 1 -47 -49 2 2.10 0.69 1.7 7 4.21 1.38
2 -49 -50 1 >4.0 NA 35.7 1 NA NA

D=2 2.10 0.69 1.7 7 4.21 1.38

TI-03-V-198 1 -46.5 -48.5 2 1.35 1.75 1.6 20 2.71 3.51
2 -48.5 -49.5 1 2.33 0.56 2.7 7 2.33 0.56
3 -49.5 -50.5 1 3.29 1.05 27.9 1 3.29 1.05
4 -50.5 -52.5 2 2.43 0.60 7.3 0 4.87 1.21
5 -52.5 -54.5 2 3.05 0.48 12.8 0 6.11 0.96

D=3 1.84 1.14 2.0 16 5.52 3.42

TI-03-V-199 1 -46.6 -48.8 2.2 2.14 0.70 1.7 7 4.70 1.53
2 -48.8 -51.1 2.3 3.11 0.68 18.3 2 7.16 1.55
3 -51.1 -51.6 0.5 2.97 0.73 16.4 2 1.49 0.36

D=2.2 2.14 0.70 1.7 7 4.70 1.53

Weighted Mean 
(phi)

Weighted Std 
Dev (phi)Mean (phi) Std Dev 

(phi)
% Silt (#200 

sieve) % ShellBoring 
Number

Layer 
Number

Layer Depth (ft) Layer 
Thickness (ft)

EL -47.7 to -51

EL -47 to -49

EL -46.5 to -49.5

EL -46.6 to -48.8
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Table E-6
Borings for Borrow Area D

Top Bottom
TI-03-V-223 1 -43.5 -45 1.5 2.12 0.63 1.1 8 3.19 0.95

2 -45 -46.5 1.5 1.85 0.90 1.4 16 2.77 1.35
3 -46.5 -47.2 0.7 3.00 1.15 23.7 8 2.10 0.80

D= 3 2.00 0.75 1.3 12 5.99 2.26

TI-03-V-224 1 -46.4 -48.4 2 2.23 0.54 1.5 7 4.62 1.95
2 -48.4 -50.5 2.1 3.63 1.46 32.5 2 7.63 3.06
3 -50.5 -52.6 2.1 3.38 0.86 28.0 1 7.10 1.81

D=2 2.23 0.54 1.5 7 4.62 1.95

TI-03-V-228 1 -46.9 -47.9 1 2.10 0.68 1.7 6 2.10 0.68
2 -47.9 -50.6 2.7 1.29 2.08 8.7 18 3.49 5.62
3 -50.6 -52.5 1.9 2.93 0.44 13.0 3 5.57 0.84
4 -52.5 -53.6 1.1 2.92 0.46 12.7 5 3.21 0.51

D=6.7 2.16 1.23 9.5 2 14.44 8.21

EL -43.5 to -46.5

EL -46.4 to -48.4

EL -46.9 to -53.6

Weighted Std 
Dev (phi)Mean (phi) Std Dev 

(phi)
% Silt (#200 

sieve)
Weighted Mean 

(phi)% ShellLayer Depth (ft) Layer 
Thickness (ft)

Boring 
Number

Layer 
Number
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Table E-7
Borings for Borrow Area E

Top Bottom
TI-03-V-240 1 -50 -52 2 1.78 0.74 1.1 9 3.55 1.48

2 -52 -52.8 0.8 2.56 0.42 5.9 3 2.05 0.33
D= 2.8 2.00 0.82 2.5 7 5.61 2.29

TI-03-V-241 1 -49 -51.2 2.2 2.01 0.50 0.8 4 4.43 1.10
2 -51.2 -53 1.8 2.55 0.45 8.2 3 4.59 0.81
3 -53 -54 1 3.87 1.27 48.0 1 3.87 1.27
4 -54 -56.1 2.1 3.62 1.39 40.2 1 7.60 2.91

D=4 2.25 0.61 4.1 4 9.00 2.43

EL -50 to -52.8

EL -49 to -53

Weighted Std 
Dev (phi)Mean (phi) Std Dev 

(phi)
% Silt (#200 

sieve)
Weighted Mean 

(phi)% ShellLayer Depth (ft) Layer 
Thickness (ft)

Boring 
Number

Layer 
Number
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 Table E-8
Borings for Borrow Area F

Top Bottom
TI-03-V-245 1 -47.2 -48.5 1.3 0.50 1.47 2.0 18 0.65 1.92

2 -48.5 -49.7 1.2 1.55 1.37 1.5 18 1.87 1.64
D= 2.5 0.96 1.64 1.7 18 2.41 4.10

TI-03-V-369 1 -48 -49 1 1.73 1.25 8.0 2 1.73 1.25
2 -49 -51 2 0.82 2.34 5.2 3 1.65 4.69
3 -51 -53 2 -0.08 2.64 6.9 1 -0.17 5.28

D=5 0.72 2.31 6.4 2 3.61 11.55

Layer Depth (ft) Layer 
Thickness (ft)

Boring  
Number 

Layer  
Number 

Weighted Std 
Dev (phi)

Mean (phi) Std Dev 
(phi)

% Silt (#200 
sieve)

Weighted Mean 
(phi)

% Shell

EL -48 to -53

EL -47.2 to -49.7
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Table E-9
Composite Characteristics for Borrow Area A

TI-03-V-124 2.0 1.72 1.59 9.6 22 3.45 3.17
TI-03-V-125 2.0 2.31 0.98 9.2 17 4.62 1.95
TI-03-V-126 4.8 1.76 1.79 8.3 22 8.43 8.58
TI-03-V-127 4.9 2.19 1.11 6.3 15 10.74 5.42
TI-03-V-129 2.5 1.84 1.09 1.7 19 4.61 2.73
TI-03-V-130 8.3 2.71 0.42 6.5 3 22.52 3.46
TI-03-V-182 4.3 2.55 0.49 7.3 5 10.97 2.12
TI-03-V-187 4.0 2.63 0.56 7.4 9 10.51 2.23
TI-03-V-188 7.8 2.69 0.65 9.5 9 21.01 5.05
TI-03-V-189 9.3 2.46 0.77 9.1 11 22.91 7.17
TI-03-V-197 4.0 2.61 0.51 7.9 5 10.43 2.03
TI-03-V-202 3.7 2.44 0.77 8.5 9 9.02 2.85
TI-03-V-203 3.2 1.34 1.78 2.4 20 4.30 5.69
TI-03-V-208 3.2 2.70 0.44 7.4 5 8.63 1.39
TI-03-V-216 2.1 1.45 1.95 9.0 20 3.05 4.09

Borrow Area A Composite Data
Mean 2.35
Std Dev 0.88
%Silt 7.6
%Shell 11

% Silt (#200 
sieve) %Shell Weighted 

Mean
Weighted 
Std Dev

Boring 
Number

Depth 
(ft)

Mean 
(phi)

Std Dev 
(phi)

Table E-10
Composite Characteristics for Borrow Area B

TI-03-V-132 5.40 2.09 1.16 5.8 6 11.28 6.24
TI-03-V-205 2.0 2.39 0.56 2.8 16 4.79 1.12

Borrow Area B Composite Data
Mean 2.17
Std Dev 0.99
%Silt 5.0
%Shell 13

% Silt (#200 
sieve) %Shell Weighted 

Mean
Weighted 
Std Dev

Boring 
Number

Depth 
(ft)

Mean 
(phi)

Std Dev 
(phi)
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Table E-11
Composite Characteristics for Borrow Area C

TI-03-V-174 2.3 2.43 0.53 2.9 9 5.60 1.22
TI-03-V-178 2.2 2.58 0.53 7.9 9 5.69 1.16
TI-03-V-185 4.5 2.54 0.49 7.8 7 11.43 2.21
TI-03-V-186 3.3 2.46 0.44 3.9 7 8.12 1.47
TI-03-V-192 2.0 2.10 0.69 1.7 7 4.21 1.38
TI-03-V-198 3.0 1.84 1.14 2.0 16 5.52 3.42
TI-03-V-199 2.2 2.14 0.70 1.7 7 4.70 1.53

Borrow Area C Composite Data
Mean 2.32
Std Dev 0.63
% Silt 4.4
% Shell 9

% Silt (#200 
sieve) % Shell Weighted 

Mean
Weighted 
Std Dev

Boring 
Number

Depth 
(ft)

Mean 
(phi)

Std Dev 
(phi)

Table E-12
Composite Characteristics for Borrow Area D

TI-03-V-223 3.0 2.00 0.75 1.3 12 5.60 1.22
TI-03-V-224 2.0 2.23 0.54 1.5 7 5.69 1.16
TI-03-V-228 6.7 2.16 1.23 9.5 2 11.43 2.21

Borrow Area D Composite Data
Mean 2.13
Std Dev 0.99
% Silt 6.0
% Shell 6

% Silt (#200 
sieve) %Shell Weighted 

Mean
Weighted 
Std Dev

Boring 
Number Depth (ft) Mean 

(phi)
Std Dev 

(phi)
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Table E-13
Composite Characteristics for Borrow Area E

TI-03-V-240 2.8 2.00 0.82 2.5 7 5.61 2.29
TI-03-V-241 4.0 2.25 0.61 4.1 4 9.00 2.43

Borrow Area E Composite Data
Mean 2.15
Std Dev 0.69
% Silt 3.4
% Shell 5

% Silt (#200 
sieve) %Shell Weighted 

Mean
Weighted 
Std Dev

Boring 
Number Depth (ft) Mean 

(phi)
Std Dev 

(phi)

Table E-14
Composite Characteristics for Borrow Area F

TI-03-V-245 2.5 0.96 1.64 1.7 18 2.41 4.10
TI-03-V-369 5.0 0.72 2.31 6.4 2 3.61 11.55

Borrow Area F Composite Data
Mean 0.80
Std Dev 2.09
% Silt 4.9
% Shell 7.3

% Silt (#200 
sieve) %Shell Weighted 

Mean
Weighted 
Std Dev

Boring 
Number Depth (ft) Mean 

(phi)
Std Dev 

(phi)
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Table E-15
Compatibility of Native and Borrow Sand

Native Beach Material

2.18 0.70 1.6 12

Borrow Site Mean Std Dev %Shell
A 2.35 0.86 7.6 11 1.25 1.08
B 2.17 0.99 5.0 13 1.17 1.05
C 2.32 0.63 4.4 9 1.39 1.05
D 2.13 0.99 6.0 6 1.15 1.06
E 2.15 0.69 3.4 5 1.00 1.04
F 0.80 2.09 4.9 7 1.14 1.05

Borrow Material 
(phi)

Topsail Beach

1.22

Overfill 
Ratio

Silt Correction 
Factor

Final Overfill Ratios 
Corrected for Silt Content

% Silt (#200 
sieve)

1.04
1.20

1.35
1.23
1.45

%ShellMean (phi) Std Dev 
(phi)

% Silt (#200 
sieve)
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Appendix F 
 

Public Beach Access and Parking 
 
1.0 INTRODUCTION 
 
The Army Corps of Engineers has several requirements that must be met in 
order to fully cost share in a shore protection project (see ER 1105-2-100 and ER 
1165-2-130). One of these requirements is that the beaches must be available 
for public use.  As described in ER 1165-2-130 (Federal Participation in Shore 
Protection, paragraph 6.h.) public use implies reasonable access and parking. 
The Corps’ Wilmington District, additionally, has developed more specific public 
access and parking requirements for participation in shore protection projects 
within the District’s boundaries of North Carolina and Virginia. 
 
The primary focus of the recreation study conducted by the University of North 
Carolina at Wilmington (UNCW) was to predict public access and parking 
demand.  ER1165-2-130 stipulates that in order to qualify for Federal cost 
sharing of Hurricane and Storm Damage Reduction projects, the local community 
must, at a minimum, provide public access every one half mile and parking with a 
one quarter mile radius of those access points.  Parking must satisfy the lesser of 
beach capacity or peak hour demand for that beach community.  The peak 
demand hour had been previously identified as noon on the 4th of July holiday by 
USACE.  The Wilmington District has further established a ten-space minimum 
for parking lots within one-quarter mile of each required public access point.  
Total beach visitation and the associated recreation benefit depend on day trip 
visitors having adequate available public parking.  In areas where adequate 
parking is not provided, the recreation benefits for that portion of the project 
cannot be counted towards the justification of the project.  As required by 
guidance, an analysis was conducted to determine the peak hour demand for 
Topsail Beach.  The data was gathered by UNCW using a survey research 
methodology.  The analysis of the data will be used to determine additional 
parking needed to meet the Corps’ requirements for peak hour demand over the 
50-year life of the project.  See Appendix O, Recreation Analysis. 
 
Another purpose of this study was to estimate peak and latent demand of the 
beaches under study.  Latent demand is also known as potential demand, or the 
number of individuals who would come to the beach if conditions were more 
conducive to recreation.  This demand is modeled from the stated preference of 
the respondent versus their revealed preference.  The recommended 
methodology and data collected from survey instruments were used to develop a 
model to calculate the estimated number of trips taken to each beach in 2003 
and the additional trips that the respondent would take if the width of the beach 
were increased.  The model was also used to predict a decrease in trips with a 
decrease in beach width, or erosion of the beach. The results for this study will 
focus on with and without project conditions in each study area.  An increase in 
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beach width would be expected to generate the latent demand resulting in a 
need for additional parking spaces for future re-nourishment cycles.  LIMDEP 
software was used to develop econometric models to analyze  the data.  Models 
recommended by UNCW were used to compute the number of trips taken to 
each beach community and the latent demand for those beach communities if 
the beach width were increased.  The number of trips taken to each beach 
community and the increase in those trips derived from the latent demand were 
used to develop parking requirements for each beach community.  For the 
purpose of this analysis, parking requirements for a beach are defined as the 
number of parking spaces that would accommodate all visitors to that beach on a 
specified percentage (e.g., 70%, 90%, etc.) of peak summer weekend days.   
 
The remainder of this report is organized as follows.  Section 2 describes the 
present conditions – access points, parking, and topographic map of the area. 
Section 3 is devoted to the with project condition.  Data and methods of analysis 
are presented in section 4. Section 5 discusses the empirical results.  Finally 
section 6 presents summary and conclusion.    
 
 
2.0  PRESENT CONDITIONS 
 
2.1. Access 
 
Topsail Beach has 22 public beach access points within the project limits. The 
access points generally consist of small parking areas and wooden walkways to 
the beach.  Two of the public beach access points are vehicle cross-overs for 
beach maintenance and emergency access.  The town has another 3 proposed 
public beach access points for a total of 25.  Table F-1 lists the existing and 
proposed public access locations.  The column titled “Name” contains the name 
of the nearest cross street or other landmark.  At 3 of the accesses (O #8, O #5, 
and O#2) the wooden walkways ER 1165-2-130 states that, “…  public use is 
construed to be effectively limited to within one-quarter mile from available points 
of public access to any particular shore.”  Therefore the minimum distance 
between public access points is one half mile. Through most of the project length 
the public access sites surpass this definition.  There are only 2 sections of 
shoreline within the project limits, both near the north end of town, that presently 
do not have access points within one-quarter mile.  One is 950 feet long 
overlapping reaches 17 and 18 in the 1100 block of North Anderson Boulevard.  
The other area is 330 feet long in reach 22, near the 700 block of North 
Anderson Boulevard.  However, the proposed access points would be located so 
that the ½ mile requirement would be met for those two areas. 
 
 2.2. Parking 
 
There are a wide variety of public parking spaces throughout Topsail Beach.  
These are located at the access sites, on nearby street right-of-ways, at sound 
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side access points, and at 2 large parking lots.  The parking space count 
administered in June 2003 by the Wilmington District and a representative from 
the Town of Topsail Beach is included in Table F-1.  The combined total is 
presently 374 spaces. Presently, 140 of the 374 spaces are located on private 
property.  For the sponsor to meet requirements for participating in the Federal 
project the sponsor will need to obtain a real estate interest that will ensure those 
spaces are made available for public parking for the life of the project.  In 
addition, the town has indicated in a more recent count during the summer of 
2004, there may be at least 300 additional parking spaces unaccounted for on 
the rights of way (ROW) along town streets.  However, these spaces have not 
been included in the official count or the parking model analysis because USACE 
representatives have not verified these spaces. These ROW spaces are not 
currently marked with signage, and there has been some question that some 
roads in the town limits may be private.   These additional spaces may be verified 
at the signing of the PCA. 
 
The Wilmington District requires a minimum of 10 spaces for each access point 
regardless of demand.  Criteria for minimum parking requirements was 
established for Wilmington District projects in North Carolina based on using an 
average lot size along the shoreline area and determining how many parking 
spaces could be provided in that lot size (example provided for 50' x 95' lot size 
which provided 8 spaces + 1 handicapped space or 10 spaces without a 
handicapped space.  Where the spacing of the accesses is less than one half 
mile, having a total sum of 10 parking spaces within one quarter mile of any point 
in the project provides the 10-space minimum parking requirement.  For the 
project length of 26,200 feet the minimum number of accesses and parking 
spaces are computed as follows: 
 
  1 access 
26,200 feet    x  ------------------ =  9.9 accesses, approximately 10 accesses 
  0.5 mile (2640 feet) 
 
     10 spaces 
10 accesses   x ------------------    =  100 spaces. 
       access 
 
The present total number of public parking spaces, 374, more than surpasses the 
minimum required number of spaces, 100.  The distribution of parking spaces is 
uneven with a large amount in the southern and central project reaches and few 
in the northern project reaches.  A total of 15 additional parking spaces among 
the northern access points are  needed to satisfy the 10-space minimum 
requirements.  The results of the peak demand analysis study will determine 
whether that the 10-space minimum needs to be increased to meet the predicted 
demand. The required parking would be met once the proposed access points 
are constructed.   
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Table F-1, Public Access Locations and Parking Availability June 2003. 
Access Points Street Existing Future 
Oceanside Access    
O #20 Godwin 15   
O #19 McLeod 24   
O #18 Boryk 24   
O #17 Trout 24   
South Drive-on Drum 12   
O #16 Florida 8   
O #15 Smith 8   
O #14 Darden 5   
O #13 Crocker 5 TBD 
O #12 Scott 6 TBD 
O #11 Hines 8 TBD 
O #10 Crews 5 6 
O #9 Davis 6   
O #8 Haywood 5   
O #7 Empie 6   
O #6 Rocky Mount5   
O #5 Barwick 3   
O #4A Proposed Monroe   6 
O #4 Queens S 0 TBD 
O #3 Queens N 12   
O #2A Proposed Nixon     
O #2 Sidbury 8   
O #1A Proposed Catherine   2 
O #1 Catherine 0   
 Sound Side Access       
S #1   17   
S #2   4   
S #3    0   
S #4   4   
S #5   0   
S #6   16   
S #7   ROW   
S #8   ROW   
S #9   ROW   
Sea Turtle Hospital   4   
Assembly Bldg   100/Private   
Florida @ Sound Pier   40/Private   
Totals   374 14 
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2.3 Map 
 
A map of the access locations is shown in Figure F-1.  The access points are 
labeled with the Access Point designation (from Topsail Beach’s March 17, 2005 
survey).  The one-quarter mile radius circles centered on each existing and 
proposed access site show the project areas serviced by the accesses.   
 
Figure F-1, Public Access Locations and Parking Availability 

 
 
 
3.0 WITH PROJECT CONDITION  
 
The sponsor is in the process of obtaining the additional public access sites and 
public parking for the project area to meet the definition of a public use shoreline.  
There will be no placement of material on private-use shores. 
 
The Town of Topsail Beach Core Land Use Plan 2005 addresses additional 
public access.  One of the specific goals is “To increase and enhance public 
access opportunity to the ocean and sound waters of Topsail Beach.”  The 
following text is taken from a section contained in  Public Access Goal & Policies 
in the Core Land Use Plan 2005. 

(2)(2)(A)(1)a.  -  It is the policy of Topsail Beach to continue to provide 
access to public trust waters through the acquisition, development, and 
redevelopment of beach and sound access areas, parks, and boat 
launching areas.  This development and redevelopment activity shall be 
consistent with the need to protect the area’s natural resources.  Topsail 
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Beach will, in the future, seek financial assistance from State and federal 
sources to support the development, and/or expansion, of parks and 
recreational facilities in appropriately sited locations.   

--The Town seeks to provide one neighborhood public access area 
every ½ mile along the beach.  Parking spaces will be provided for the 
neighborhood public access ways within ¼ mile radius.   
--The Town seeks to provide public or private local access every ½ 
mile to give neighborhood residents, pedestrians, and bicyclists access 
to the beach. 
--The Town of Topsail Beach seeks to provide public access 
opportunities for all area residents and visitors including the 
handicapped. 

 
All project reaches will be eligible for cost sharing of 65% Federal and 35% non-
Federal sponsor once the above requirements have been met.   These values 
are based on the sponsor’s Core Land Use Plan 2005 and will be subject to 
change if more, less, or different access sites are decided upon prior to signing 
the Project Cooperation Agreement (PCA).  Once all access and/or parking sites 
are obtained, and prior to signing the PCA, the Corps will obtain specific 
measurements using GIS and or survey data of these sites to make a final 
determination on project cost sharing.  The sponsor will be responsible for 
ensuring that the access and parking requirements are met throughout the life of 
the project.  
 
4.0 DATA AND METHODS 
 
This section provides an overview of the data and method that was used for this 
study.  The data on which the analysis is based comes the from telephone and 
onsite surveys conducted by the University of North Carolina at Wilmington.  This 
data will be used to establish parking requirements for Topsail Beach and to 
project those needs over the life of a Federal project.  
 
The telephone survey asked respondents about trips taken in a 120-mile radius 
of the North Carolina coast during a typical peak summer season.  The data was 
used to construct an index of the number of recreational day trip (TRIPINDX) to a 
beach.  TRIPINDXi is the estimated number of recreational day trips taken to 
beach i per year by 1,067 households in the telephone survey sample.  PC Miler, 
a Poisson/negative-binomial cluster regression model, was used to generate 
TRIPINDX.  Other data collected for this study include stay time, STAYTIME, 
which is   the average length of time in hours that a visitor remained at the beach. 
The duration of stay is assumed to affect parking demand.  If the duration of stay 
is usually long, more parking spaces should be provided.   
 
The on-site survey collected parking space data for ten beaches on peak 
(weekend) days in July and August 2003.  For this analysis the variable 
SPACES, which gives the existing number of parking spaces at each beach, is 
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used as a censoring variable by the Tobit regression procedure.  Each beach i 
has a separate censoring limit, as specified by the SPACESi variable.  Two 
holidays were included in the survey effort: the Fourth of July weekend and the 
Labor Day Weekend.  To test for the effect of holiday on parking demand, a 
dummy variable, HOLIDAYd,  was generated equal to 1 if the day is July 4 or 5, or 
August 30 or 31, days corresponding to the Fourth of July and Labor Day 
holidays.     
 
To account for fixed effects in the model, beach-specific dummy variables, DB00, 
DB09, that shift the intercept were generated for nine beaches.  The dummy for 
beach 10 is omitted to avoid a dummy variable trap.  Observe that beach 08 is 
omitted from the whole analysis.  Dummy variables capturing time of day effects 
were constructed as follows: if t = 9am-11am, DMORN = 1, DMORN = 0 
otherwise; if t = 3pm-5pm, DAFTN = 1, DAFTN = 0 otherwise.  Note that potential 
dummy variable DMID = 1 when t = 12noon-2pm is omitted to avoid the dummy 
variable trap.  Under this specification, with all dummy variables set to zero, the 
regression predicts uncensored FILLEDSP (dependent variable) at midday on a 
non-holiday weekend day on beach 10 (Atlantic Beach).  Setting one of the 
various dummy variables to the value “1” adjusts the regression predictions for 
an alternative time of day or an alternative beach destination.  Table 1 
summarizes key statistics for the survey data sample.  
 
Table 1.  Summary Statistics of Survey Data 
Variable  Description Mean Std.Dev. Minimum Maximum
FILLEDSP Filled Parking Spaces 2.5666 2.2871 0 9.09 
STAYTIME Stay Time at beach 4.339445 1.318575 0.1875 9.5 
HOLIDAY Holiday {Fourth of July 

and Labor Day} 
0.532934 0.49929 0 1 

TRIPINDX Trip index 428.956 255.16 146 924 
DMORN Day time dummy 

variable 
0.377246 0.48506 0 1 

DAFTN Afternoon time 
dummy variable 

0.211078 0.408379 0 1 

DB00 Caswell Beach 0.0329 0.178598 0 1 
DB01 Oak Island Beach 0.0449 0.207262 0 1 
DB02 Holden Beach 0.0404 0.197088 0 1 
DB03 North Topsail Beach 0.0449 0.207262 0 1 
DB04 Surf City Beach 0.0404 0.197088 0 1 
DB05 Topsail Beach 0.0404 0.197088 0 1 
DB06 Pine Knoll Shores 

Beach 
0.0389 0.193554 0 1 

DB08 Indian Beach 0.0404 0.197088 0 1 
DB09 Emerald Isle Beach 0.0434 0.203938 0 1 
Notes:  Only  aggregate statistics are reported in table. The descriptive statistics for the 10 individual beaches are not 

presented to economize on space.   
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 4.1 Censored Regression Model 

It is likely that some visitors may not use the beach because parking capacity is 
limited.  Suppose that out of 500 potential beach visitors, 200 are unable to use 
the beach because they cannot find parking space.  One strategy of dealing with 
this difficulty is to ignore or drop these observations from the sample.  However, 
by eliminating this subset from the sample not only do we lose degrees of 
freedom and therefore precision, we also risk biased estimates of the effects of 
independent variables.  That is, important factors correlated with the dependent 
variable may characterize this group of visitors that has been dropped.  In 
situations such as these, a better strategy that allows use of the entire sample is 
to assume that the dependent variable FILLEDSP (number of parking spaces 
filled at a give beach) has a censored distribution; that is, the dependent variable 
cannot be observed above or below some threshold value, and therefore is 
reported as this threshold value.   

The underlying model of censored regression assumes that the true value of the 
dependent variable is unobservable.  The basic form of the censored regression 
model is given by the latent variable formulation:. 

 iii XY εβ += '*                          (1) 

Where *
iy is the latent variable, iX '  is a vector of exogenous variables and iε  is 

a normal error term with zero mean and standard deviationσ . 
 
Define the censored random variable iY  as  
 
 oyi =  if 0* ≤iy  

 ii yy *=  if 0* φiy  
The dependent variable of the censored regression model is observed 
when 0* φiy .  With the survey we can obtain the observable response ( iy ) which 
represents the unobservable outcome of a particular range.   

When the range of dependent variable is limited, censored regression 
methodology are used to analyze the data.  Given the censored nature of the 
dependent variable, performing OLS on equation (1) will result in inconsistent 
coefficient estimates.  To account for censored dependent variable and to obtain 
consistent estimates of the parameters, we estimate a censored regression 
within a maximum likelihood Tobit model.  

The Tobit regression model (with upper and lower tail censoring) is specified as:  
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idtidid

oidt

eTRIPINDXHOLIDAYSTAYTIME
DBDBDAFTNDMORNFILLEDSPLn

++++
++++=

141312

11321 09...00)(
βββ

βββββ
            (2) 

  
If Ln 0)( ≤idtFILLEDSP , then Ln 0)( =idtFILLEDSP , 
If Ln ≥)( idtFILLEDSP  In )( iSPACES , then In ( =)( idtFILLEDSP )( iSPACES , 
 
where:  
 
FILLEDSP, STAYTIME, SPACES, HOLIDAY, DMORN, DAFTN, DB00…DB9, 
and TRIPINDX are variables defined above, idte  is a heteroskedastic error term.  
The error term is specified as idte ~ )).exp(.,0( 2

iTRIPINDN ασ , where σ  (the 
standard deviation of the uncensored dependent variable in the absence of 
heteroskedasticity),α  and 140 ββ −  are the parameters to be estimated.  
 
Parameters of the distribution of the latent dependent variable are estimated by 
maximum likelihood in LIMDEP (2002).  The Tobit regression model estimates 
the probability distribution of FILLEDSP, including the number of FILLEDSP that 
would occur if the number of parking spaces were not constrained.  The resulting 
probability distribution can be used to estimate parking requirements beyond 
current parking space capacity. 
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5. RESULTS AND DISCUSSIONS 
 
Estimates of the beach parking demand model using the two-limit Tobit 
regression estimation procedure is shown in Table 3.   
 
Table F-3 Tobit Regression Results - Dependent Variable: FIllEDSP,  
Explanatory 
Variables 

Coefficient Std. Error. t-ratio P-
value 

Mean 

Constant 4.557*** 0.506 9.00 0 1 
DMORN -0.666 0.488 -1.36 0.1727 0.3772 
DAFTN -0.307 0.490 -0.63 0.5311 0.2111 
DB00 -0.518 0.567 -0.92 0.3601 0.0329 
DB01 0.699 0.512 1.37 0.1723 0.0449 
DB02 -0.379 0.527 -0.719 0.4722 0.0404 
DB03 0.166 0.595 0.279 0.7803 0.0449 
DB04 -0.706 0.564 -1.252 0.2105 0.0404 
DB05 -0.101 0.543 -0.186 0.8521 0.0404 
DB06 -0.262 0.5577 -0.47 0.6383 0.0389 
DB07 -0.946* 0.5378 -1.76 0.0785 0.0404 
DB09 -1.271** 0.5544 -2.293 0.0218 0.0434 
STAYTIME 0.008 0.0206 0.362 0.7175 4.339 
HOLIDAY 0.364*** 0.0536 6.78 0 0.5329 
TRIPINDX 0.003*** 0.00018 12.6 0 428.656 
Sigma 0.451*** 0.0161 28.023 0 ---- 
Alpha 0.0007*** 0.000067 10.992 0 ---- 
Log-likelihood -623.66     
Notes:  ***,**, and * refer to significance at the 1%, 5%, and 10% levels, respectively. The chi-square and overall 

likelihood ratio statistics are 29.1 and 546.7, respectively.  Number of observations =699.  Dependent variable: 

FILLEDSP.  D13 is the omitted time of day dummy variable.   
  

 
As expected the coefficient on the beach specific index of recreation demand, 
TRIPINDX, is positive and strongly significant.  The large t statistic, 12.6, allows 
us to reject the null hypothesis of no trip demand at the 1% level of significance. 
Thus providing evidence that beach trip demand impacts the number of parking 
spaces.  The heteroskedasticity parameter α  is positive and strongly 
significant, indicating that larger values of TRIPINDX increase the variance of 
ln(FILLEDSP).  There is evidence to indicate that HOLIDAY has a positive and 
significant effect on filled spaces.  We also find evidence that STAYTIME has a 
positive but insignificant effect on filled spaces.  Fixed effects dummy variables 
DB00…DB09 vary in sign, reflecting differences in the estimated value of filled 
parking spaces, ln(FILLEDSP), at midday across beaches.  However, after 
controlling for other variables in the regression, only DB07 and DB09 are 
statistically significant at the 10% and 5% level, respectively. There is no 
evidence to indicate that this data suggests that time of day variables, DMORN 
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and DAFTN, significantly impact beach-parking demand.  In all, the explanatory 
power of the regression is reasonably good given the individual cross section 
data.  The likelihood ratio test indicates that the overall regression is significant 
at p<0.01. 
 
As mentioned earlier, an important component of this analysis was to determine 
parking spaces that would be required to accommodate all peak (weekend 
holiday) day beach visitors.  With the estimated Tobit coefficients, it is possible 
to calculate the number of spaces that would be required to accommodate all 
peak (weekend holiday) day beach visitors 60% of the time, 95% of the time, 
etc.  For each beach, ln(FILLEDSP) follows a normal distribution, with a beach-
specific mean value given by the Tobit regression equation (with variables 
replaced by their mean values), and a beach-specific standard deviation given 
by (σ2⋅exp[α⋅TRIPINDXi])0.5. The unconditional mean of ln(FILLEDSPi), denoted 
µ , is given by: µ  = β0 + β1 DMORN + β2 DAFTN + β3 DB00 + . . . + β11 DB09       
+ β12 STAYTIMEid + β13 HOLIDAYd + β14 TRIPINDXi, 
 
where mean values are inserted for independent variables. The standard 
deviation of ln(FILLEDSPi), denoted SD, is given by: SD = 
σ2⋅exp[α⋅TRIPINDXi])0.5. The unconditional 90 percentile, for example, of 
FILLEDSPi is then given by: 90 percentile FILLEDSPi = EXP(NORMINV(0.90, 
µ , SD)), where NORMINV is the inverse normal cumulative distribution 
function.   
 
For each beach, the frequency of FILLEDSP can be graphed against 
FILLEDSP to determine the number of spaces that would be necessary to 
accommodate all peak (weekend holiday) day beach visitors 60% of the time, 
95% of the time, etc.  The graph below (Figure F-2) shows the estimated 
frequency of (latent, uncensored) filled parking spaces at Topsail Beach on 
peak, summer weekend holidays in base year 2004.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



-- F- 12 -- 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

 Draft General Reevaluation Report and Draft Environmental Impact Statement 

Figure F-2 

Predicted Frequency of Parking Spaces Demanded 
Topsail Beach, Basecase Scenario 

(1:00pm, peak summer weekend days only)

0

0.01

0.02

0.03

0.04

0.05

0.06

0 200 400 600 800 1000 1200

Parking Spaces

Fr
eq

ue
nc

y

Frequency
Current Spaces
60%tile
70%tile
80%tile
90%tile
95%tile

 
 
 
The current, existing number of parking spaces at Topsail Beach is 374, 
indicated by the solid indicator spike, which is used solely to designate 
particular values of parking spaces.  Sixty-three percent of the frequency 
distribution of FILLEDSP occurs to the left of 374 spaces, suggesting that the 
existing spaces (summer 2004) fully accommodate all Topsail Beach visitors on 
63% of peak (summer holiday weekend) days.  Observe that 37% of the 
frequency distribution of FILLEDSP lies to the right of 374 spaces, indicating 
that the existing spaces do not accommodate all Topsail Beach visitors 37% of 
peak days.  Providing additional parking spaces would accommodate additional 
visitors.  The remaining, dashed indicator spikes on the graph mark the 
numbers of parking spaces that would be required to accommodate all Topsail 
Beach visitors on 60%, 70%, etc., of peak days.  Again, the spikes are used 
solely to designate particular values of parking spaces. 
 
Furthermore, changes in beach conditions may shift the frequency distribution 
of FILLEDSP.  The graph below (Figure F3) shows the predicted frequency of 
FILLEDSP at Topsail Beach with a 50 ft increase in beach width.  The increase 
in beach width attracts additional beach visitation, which shifts the frequency 
distribution to the right.  As the distribution shifts to the right, the current number 
of parking spaces accommodates all visitors less frequently.  In this example, 
the current number of spaces (374) would accommodate all Topsail Beach 
visitors on only 53% of peak days with a 50 ft increase in beach width.  The 
indicator spikes mark the number of parking spaces that would be required to 
accommodate parking demand on 60%, 70%, etc., of peak days.   
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Figure F-3 

Predicted Frequency of Parking Spaces Demanded 
Topsail Beach, Scenario: Year = 2004, Beach Width +50 ft.

(1:00pm, peak summer weekend days only)
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As state population increases, the number of visitors to Topsail Beach is 
expected to increase, assuming that the number of trips per household remains 
constant.  Table F-4 shows the predicted frequency of FILLEDSP at Topsail 
Beach under + 50 ft beach width conditions from the base year 2004 through 
2024, based on projected increases in the population of the telephone survey 
region.  An increase in projected population in the telephone survey region 
increases the TRIPINDXi value for Topsail Beach, which in turn shifts the 
predicted frequency distribution of FILLEDSP for Topsail Beach to the right.  As 
the curve shifts to the right, the current number of parking spaces 
accommodates all Topsail Beach visitors less frequently.  By 2008, it is 
estimated that 763 parking spaces would be necessary to accommodate peak 
demand on ninety percent of peak days. 
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Table F4.  Projected Topsail Beach Parking Space Requirements, 2004-
2024 (+50 ft beach width conditions) 
 

 

Telephone 
Survey Region 
Population 
Index  Mean 60%tile 70%tile 80%tile 90%tile 95%tile 

Year 
(2004 Base 
Year) TRIPINDX FILLEDSP FILLEDSP FILLEDSP FILLEDSP FILLEDSP FILLEDSP

2004 1.000 454.0 357.6 409.4 473.3 560.8 709.5 861.6 
2005 1.015 460.9 363.2 416.1 481.1 570.3 722.0 877.2 
2006 1.031 468.1 369.1 423.0 489.3 580.3 735.0 893.5 
2007 1.047 475.4 375.3 430.2 497.9 590.8 748.8 910.8 
2008 1.064 482.9 381.7 437.7 506.8 601.6 763.1 928.7 
2009 1.080 490.5 388.4 445.5 516.0 612.9 777.9 947.2 
2010 1.097 498.0 395.0 453.3 525.3 624.1 792.8 965.9 
2011 1.112 504.9 401.2 460.6 533.9 634.7 806.6 983.2 
2012 1.127 511.8 407.5 468.0 542.7 645.4 820.8 1001.0 
2013 1.143 518.9 414.1 475.7 551.9 656.7 835.6 1019.6 
2014 1.159 526.2 421.0 483.8 561.5 668.4 851.2 1039.2 
2015 1.175 533.6 428.1 492.3 571.5 680.7 867.4 1059.5 
2016 1.192 541.1 435.4 500.9 581.8 693.2 883.9 1080.4 
2017 1.209 548.7 443.0 509.7 592.3 706.1 901.0 1101.9 
2018 1.226 556.4 450.8 518.9 603.3 719.6 918.8 1124.4 
2019 1.243 564.5 459.0 528.7 614.9 733.8 937.7 1148.1 
2020 1.261 572.3 467.3 538.4 626.5 748.0 956.5 1171.9 
2021 1.276 579.2 474.7 547.1 636.8 760.7 973.4 1193.2 
2022 1.291 586.2 482.2 556.0 647.4 773.8 990.7 1215.1 
2023 1.307 593.3 490.0 565.2 658.5 787.3 1008.8 1237.9 
2024 1.323 600.7 498.3 575.0 670.1 801.6 1027.8 1262.0 
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6.0 SUMMARY AND CONCLUSION 
 
This study analyzed the demand for beach parking in Topsail Beach using a 
Tobit regression estimation approach.  The study employed data collected 
through telephone and onsite surveys conducted by the UNCW.  Respondents 
were asked to provide information about distance traveled to a particular beach 
and duration of stay for each visit.  Other information used includes fixed effects 
and time dummy variables.  Fourth of July and Labor Day weekends were also 
used to test the effect of holidays on beach parking demand.   
 
This study presents strong empirical evidence that a beach-specific index of 
recreation demand significantly impacts the number of parking spaces filled.  
There is evidence indicated in this data to suggest that holidays have a positive 
and significant impact on beach parking demand.  On the other hand, there is 
no evidence to indicate that time of day variables, DMORN and DAFTN, 
significantly impact beach-parking demand.   
 
An objective of this study was to establish parking needs for Topsail Beach and 
to project those needs over the life of a Federal project.  Estimated coefficients 
obtained from Tobit regression were used to compute the required number of 
parking spaces that would accommodate all peak hour and weekend day beach 
visitors 60%, 70%, 90%, and 95% of the time.  For Topsail beach the frequency 
of FILLEDSP was graphed against FILLEDSP to determine the number of 
spaces that would be necessary to accommodate all peak (weekend holiday) day 
beach visitors.  The analysis shows that in 2004 the existing spaces, 374, at 
Topsail beach fully accommodate all visitors sixty-three percent of peak (summer 
holiday weekend) days.  Therefore, providing additional parking spaces would 
accommodate all visitors a greater percentage of the peak days.   

 
The analysis show that a 50 ft increase in beach width will attract additional 
visitation and will shift the frequency distribution of FILLEDSP to the right.  Under 
that scenario the current number of parking spaces would accommodate all 
Topsail Beach visitors on only 53% of peak days.  Furthermore, an increase in 
projected population in the telephone survey region increases the trip index value 
for Topsail Beach, which in turn shifts the predicted frequency distribution of 
FILLEDSP to the right.  It is estimated that by 2008 763 parking spaces would be 
required to accommodate peak demand 90% of peak days.  Similarly, by 2016 
884 parking spaces would be required to accommodate peak demand 90% of 
peak days.   
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TOPSAIL BEACH, NORTH CAROLINA 
Preliminary Evaluation of Section 404 (b) (1) Guidelines 40 CFR 230 

 
 
 This evaluation of the placement of any and all fill material into waters and 
wetlands of the United States required for construction and maintenance of the West 
Onslow Beach and New River Inlet (Topsail Beach), North Carolina Shore Protection 
Project. 
 
Section 404 Public Notice No. CESAW-TS-PE-XX-XX-XXXXX     
 
1. Review of Compliance (230.10(a)-(d))     Preliminary 1/  Final 2/ 
 A review of the NEPA Document 
 indicates that: 
 
a. The discharge represents the least 
 environmentally damaging practicable 
 alternative and if in a special aquatic 
 site, the activity associated with the 
 discharge must have direct access or 
 proximity to, or be located in the aquatic                                                             _     
 ecosystem to fulfill its basic purpose                       YES|X|  NO|  |   YES|  |  NO|  | 
  
    
 
b. The activity does not: 
 1) violate applicable State water quality 
 standards or effluent standards prohibited 
 under Section 307 of the CWA; 2) jeopardize 
 the existence of federally listed endangered 
 or threatened species or their habitat; and 
 3) violate requirements of any federally                                                            
 designated marine sanctuary (See Sections 8.01,                    _         _                        _          _    
           8.07 and Appendix I of the draft GRR and EIS)         YES|X|  NO|  |   YES|  |  NO|  | 
   
      
c. The activity will not cause or contribute 
 to significant degradation of waters of the 
 U.S. including adverse effects on human 
 health, life stages of organisms dependent 
 on the aquatic ecosystem, ecosystem diversity, 
 productivity and stability, and recreational, 
 aesthetic, and economic values (See Section 8.00                                                         _   
           of the draft GRR and EIS)     YES|X|  NO|  |   YES|  |  NO|  | 
       
 
d. Appropriate and practicable steps have 
 been taken to minimize potential adverse 
 impacts of the discharge on the aquatic                                                           _    
 ecosystem (see Section 8.0 of the draft GRR and EIS).  YES|X|  NO |  |   YES|  |  NO|  | 
 
 Proceed to Section 2 
*, 1, 2/ See page 6.     
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                            Not Signifi-  Signifi- 
2. Technical Evaluation Factors (Subparts C-F)          N/A     cant           cant* 
 
 a. Physical and Chemical Characteristics 
  of the Aquatic Ecosystem (Subpart C) 
                 
  (1)  Substrate impacts.     |   |     X         |   | 
  (2)  Suspended particulates/turbidity   |   |                |   | 
            impacts.     |   |     X         |   | 
  (3)  Water column impacts.     |   |     X         |   | 
  (4)  Alteration of current patterns    |   |                 |   | 
            and water circulation.     |   |     X          |   | 
  (5)  Alteration of normal water    |   |                 |   | 
            fluctuations/hydroperiod.    |   |     X          |   | 
  (6)  Alteration of salinity     |   |                 |   | 
            gradients.     |  NA |                 |   | 
 
 b. Biological Characteristics of the 
  Aquatic Ecosystem (Subpart D)  
                  
  (1)  Effect on threatened/endangered   |   |                 |   | 
            species and their habitat.    |   |      X          |   | 
  (2)  Effect on the aquatic food web.   |   |      X          |   | 
  (3)  Effect on other wildlife (mammals,   |   |                  |   | 
            birds, reptiles, and amphibians).     |   |      X          |   | 
   
 c. Special Aquatic Sites (Subpart E)  
                  
  (1)  Sanctuaries and refuges.     |  NA |                  |   | 
  (2)  Wetlands.     |   |      X         |   | 
  (3)  Mud flats.     |  NA |                 |   | 
  (4)  Vegetated shallows.     |  NA |                  |   | 
  (5)  Coral reefs.     |  NA |                  |   | 
  (6)  Riffle and pool complexes.    |  NA |                  |   | 
 
 d. Human Use Characteristics (Subpart F) 
                  
  (1)  Effects on municipal and private   |   |                  |   | 
            water supplies.     | NA |                  |   | 
  (2)  Recreational and commercial    |   |                  |   | 
            fisheries impacts.     |   |      X          |   | 
  (3)  Effects on water-related recreation.  |   |      X          |   | 
  (4)  Aesthetic impacts.     |   |      X          |   | 
  (5)  Effects on parks, national and    |   |                  |   | 
            historical monuments, national   |   |                  |   | 
            seashores, wilderness areas,   |   |                  |   | 
            research sites, and similar    I   |                  |   | 
            preserves.     |  |       X           |   | 
 
 Remarks:  See Section 8.00 and Appendix I of the Draft GRR and EIS, West Onslow Beach and New 
River Inlet (Topsail Beach), North Carolina, dated March 2005 for more information on the above topics. 
 
           Proceed to Section 3 
 *See page 6. 
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3. Evaluation of Dredged or Fill Material (Subpart G) 3/ 
 
 a. The following information has been 
  considered in evaluating the biological 
  availability of possible contaminants in  
  dredged or fill material.  (Check only  
  those appropriate.) 
                               
 (1) Physical characteristics.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |X| 
 (2) Hydrography in relation to  
  known or anticipated                            
  sources of contaminants  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . |X| 
 (3) Results from previous 
  testing of the material  
  or similar material in                                   
  the vicinity of the project  .  .  .  .  .  .  .  .  .  .  .  .  .      .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . |   | 
 (4) Known, significant sources of  
  persistent pesticides from                               
  land runoff or percolation .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |   | 
 (5) Spill records for petroleum 
  products or designated 
  (Section 311 of CWA)                              
  hazardous substances  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |   | 
 (6) Other public records of  
  significant introduction of 
  contaminants from industries,                       
  municipalities, or other sources.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |X | 
 (7) Known existence of substantial 
  material deposits of 
  substances which could be 
  released in harmful quantities 
  to the aquatic environment by                        
  man-induced discharge activities.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . |   | 
                            
 (8) Other sources (specify).  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .   |   | 
 
 Reference:  See Sections 2.07.3, 8.03, and Appendices C and E of the Draft GRR and EIS 
           Remark:  Sediments to be dredged consist of beach quality sand.  Contaminants do not bind to sand, 
therefore, contaminant testing of sediments was not required.  
 
 b. An evaluation of the appropriate information in 3a 
  above indicates that there is reason to believe the 
  proposed dredge or fill material is not a carrier of 
  contaminants, or that levels of contaminants are sub- 
  stantively similar at extraction and disposal sites and                      
  not likely to result in degradation of the disposal site.    YES |X|   NO |  | 
 
 
Proceed to Section 4 
*, 3/, see page 6. 
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4. Disposal Site Determinations (230.11(f)). 
 
 a. The following factors as appropriate, 
  have been considered in evaluating the 
  disposal site. 
                       
 (1)  Depth of water at disposal site.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |X| 
 
 (2)  Current velocity, direction, and                                 
   variability at disposal site  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |X| 
                                    
 (3)  Degree of turbulence.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |X| 
                      
 (4)  Water column stratification  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |X| 
                        
 (5)  Discharge vessel speed and direction .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |X| 
                             
 (6)  Rate of discharge .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  IX|  
 
 (7)  Dredged material characteristics 
   (constituents, amount and type                                
   of material, settling velocities).  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |X| 
 
 (8)  Number of discharges per unit of                             
   time.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |X| 
 
 (9)  Other factors affecting rates and                                                              _ 
   patterns of mixing (specify) .  .  .  .  .  .  .  .  .  .  .  .  .  …...  .  .  .  .  .  .  .  |_| 
 
 Reference:  Draft GRR and EIS, West Onslow Beach and New River Inlet (Topsail Beach), North 
Carolina, dated April 2006 
         
 b. An evaluation of the appropriate factors in 
  4a above indicates that the disposal site                      
  and/or size of mixing zone are acceptable.      YES |X|    NO |   |* 
 
 
5. Actions to Minimize Adverse Effects (Subpart H). 
 
 All appropriate and practicable steps have been taken, 
 through application of recommendations of 230.70-230.77, 
 to ensure minimal adverse effects of the proposed                           
 discharge.          YES |X|    NO |   |* 
 
  
See Section 8.01 of draft GRR and EIS for Marine Environment 
See Section 8.07 of draft GRR and EIS for Water Resources 
See Appendix I of the draft GRR and EIS for threatened and endangered species 
  
Return to section 1for final stage of compliance review.   
See also note 3/, page 6.   
*See page 6. 
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6. Factual Determinations (230.11). 
 
 A review of appropriate information as identified in 
 items 2-5 above indicates that there is minimal 
 potential for short- or long-term environmental 
 effects of the proposed discharge as related to: 
 
 a. Physical substrate at the disposal site                                
  (review sections 2a, 3, 4, and 5).       YES |X|    NO |  |* 
 
 b. Water circulation, fluctuation, and salinity                              
  (review sections 2a, 3, 4, and 5).       YES |X|    NO |  |* 
 
 c. Suspended particulates/turbidity                                
  (review sections 2a, 3, 4, and 5).       YES |X|    NO |  |* 
 
 d. Contaminant availability                                
  (review sections 2a, 3, and 4).       YES |X|    NO |  |* 
 
 e. Aquatic ecosystem structure and function                              
  (review sections 2b and c, 3, and 5).      YES |X|    NO |  |* 
     
 f. Disposal site                                
  (review sections 2, 4, and 5).       YES |X|    NO |  |* 
 
 g. Cumulative impact on the aquatic                                      
  ecosystem.       YES |X|    NO |  |* 
 
 h. Secondary impacts on the aquatic                               
  ecosystem.       YES |X|    NO |  |* 
 
Remark:  More detailed information on the topics above may be found in Sections 2.07.3, 8.03, and 
Appendices C, E, and J of the Draft GRR and EIS for Topsail Beach, dated April 2006. 
 
7. Findings. 
 
 a. The proposed disposal site for discharge of 
  dredged or fill material complies with the                  
  Section 404(b)(1) guidelines.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |X| 
 
 b. The proposed disposal site for discharge of 
  dredged or fill material complies with the 
  Section 404(b)(1) guidelines with the                  
  inclusion of the following conditions:.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |  | 
 
 c. The proposed disposal site for discharge of 
  dredged or fill material does not comply with 
  the Section 404(b)(1) guidelines for the  
  following reasons(s): 
                       
  (1) There is a less damaging practicable alternative  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |  | 
 
  (2) The proposed discharge will result in significant                              
   degradation of the aquatic ecosystem .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |  | 
 

 (3) The proposed discharge does not include all 
   practicable and appropriate measures to minimize                
   potential harm to the aquatic ecosystem.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  |  | 
 
*See page 6.     
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BIOLOGICAL ASSESSMENT 

ENDANGERED SPECIES 
 

West Onslow Beach and New River Inlet (Topsail Beach), NC 
Pender County, North Carolina 

Shore Protection Project 
 
1.00  PROPOSED PROJECT 
 
The proposed project is the same as described in detail in the environmental impact statement, 
which precedes the appendices. 
 
2.00  SPECIES CONSIDERED UNDER THIS ASSESSMENT 
 
Updated lists of endangered and threatened (E&T) species for the project area were obtained from 
NMFS (Southeast Regional Office, St. Petersburg, FL) (email dated 16 August 2004) and the 
USFWS (Field Office, Raleigh, NC) (http://nc-es.fws.gov/). These lists were combined to develop the 
following composite list of E&T species that could be present in the area based upon their geographic 
range.  However, the actual occurrence of a species in the area would depend upon the availability of 
suitable habitat, the season of the year relative to a species' temperature tolerance and migratory 
habits, and other factors.   
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Table I-1.  Threatened and Endangered Species Potentially Present in Pender County, NC. 
Species Common Names  Scientific Name Federal Status 
Mammals   
West Indian Manatee Trichechus manatus Endangered 
Right whale Eubaleana glacialis Endangered 
Sei whale Balaenoptera borealis Endangered 
Sperm whale Physeter macrocephalus Endangered 
Finback whale Balaenoptera physalus Endangered 
Humpback whale Megaptera novaeangliae Endangered 
Blue Whale Balaenoptera musculus Endangered 
Birds   
Piping Plover Charadrius melodus Threatened 
Red-cockaded woodpecker  Picoides borealis Endangered 
Reptiles   
American alligator Alligator mississippiensis  T(S/A) 
Green sea turtle Chelonia mydas Threatened1 
Hawksbill turtle Eretmochelys imbricata Endangered 
Kemp's ridley sea turtle Lepidochelys kempii  Endangered 
Leatherback sea turtle Dermochelys coriacea  Endangered 
Loggerhead sea turtle Caretta caretta  Threatened 
Fish   
Shortnose sturgeon Acipenser brevirostrum  Endangered 
Vascular Plant   
Golden sedge Carex lutea Endangered 
Chaffseed Schwalbea Americana Endangered 
Cooley’s meadowrue Thalictrum cooleyi Endangered 
Rough-leaved loosestrife Lysimachia asperulaefolia  Endangered 
Seabeach amaranth Amaranthus pumilus  Threatened 
Status Definition 
Endangered A taxon "in danger of extinction throughout all or a significant portion of its range." 
Threatened A taxon "likely to become endangered within the foreseeable future throughout all 

or a significant portion of its range." 
T(S/A) Threatened due to similarity of appearance (e.g., American alligator)--a species 

that is threatened due to similarity of appearance with other rare species and is 
listed for its protection. These species are not biologically endangered or 
threatened and are not subject to Section 7 consultation. 

1Green turtles are listed as threatened, except for breeding populations in Florida and on the Pacific 
Coast of Mexico, which are listed as endangered. 
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3.00   ASSESSMENT OF IMPACTS TO LISTED THREATENED AND ENDANGERED 
SPECIES 
 
3.01   General Impacts 
 
 Dredging and disposal of sediment have the potential to affect animals and plants in a variety 
of ways.  Adverse impacts may result from actions of the dredging equipment (i.e., cutting, suction, 
sediment removal, hydraulic pumping of water and sediment); physical contact with dredging 
equipment and vessels (i.e. impact); physical barriers imposed by the presence of dredging 
equipment (i.e. pipelines); and placement of dredged material in various disposal locations (i.e. 
covering, suffocation).   Although beach placement of material, and associated construction 
operations (i.e. operation of heavy equipment, pipeline route, etc.), may adversely affect some 
species and their habitat, the resultant constructed beach profile also promotes restoration of 
important habitat that has been lost or degraded as a result of erosion. Potential impacts vary 
according to the type of equipment used, the nature and location of sediment discharged, the time 
period in relation to life cycles of organisms that could be affected, and the nature of the interaction of 
a particular species with the dredging activities. 
 
 All the proposed work will occur within the Atlantic Ocean to approximately 5.5 miles offshore 
(borrow areas A, B, C, D, E, F).  The selected 1250X beach nourishment plan consists of a 26,200-
foot long dune and berm system.  The plan has a main fill length of 23,200 feet, from approximately 
400 feet southwest of Godwin Avenue, in reach 3, to the Topsail Beach town limit in reach 26 (See 
Section 7.01.1).  A 2,000-foot northern transition and a 1,000 southern transition will extend 
beyond the limits of the main fill.  The transition areas will consist of a tapered berm only resulting 
in a starting transition berm width of 155 feet that uniformly tapers to zero (See Section 7.01.2). 
Any potential impacts on federally listed threatened and endangered species would be limited to 
those species that occur in habitats provided by these areas. Therefore, the proposed work will not 
affect any listed species, which generally reside in freshwater, forested habitats, or savannas, 
including the American alligator, red-cockaded woodpecker, golden sedge, chaffseed, Cooley’s 
meadowrue, and rough-leafed loosestrife. 
 
 Federally listed threatened or endangered species which could be present in the project area 
during the proposed action are the blue whale, finback whale, humpback whale, right whale, sei 
whale, sperm whale, West Indian manatee, green sea turtle, hawksbill sea turtle, Kemp's ridley sea 
turtle, leatherback sea turtle, loggerhead sea turtle, shortnose sturgeon, seabeach amaranth, and 
piping plover. 
 
 Dredging and disposal methods associated with the proposed action are similar to current 
maintenance dredging methods and existing beach nourishment projects.  These methods have 
been addressed in a number of previous environmental documents, including biological 
assessments and biological opinions rendered regarding endangered and threatened species.  The 
accounts, which follow, will summarize this information as it applies to the proposed action.  
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3.02   Species Accounts 
 
3.02.1   American Alligator, Red-cockaded Woodpecker, Golden Sedge, Chaffseed, Cooley’s 
Meadowrue, and Rough-leaved Loosestrife. 
 
 These are all terrestrial, freshwater, woodland, or savanna species.  Since this habitat type 
is not present in the areas to be affected by the proposed action, these species are unlikely to 
occur. 
 
 Effect Determination.  It has been determined that the proposed action is not likely to 
adversely affect any of these species or their habitat. 
 
3.02.2 Blue Whale, Finback Whale, Humpback Whale, Right Whale, Sei Whale, and Sperm 
Whale 
 
 a.   Status.  Endangered  
 
 b. Occurrence in Immediate Project Vicinity.  These whale species all occur 
infrequently in the ocean off the coast of North Carolina.  Of these, only the right whale and the 
humpback whale routinely come close enough inshore to encounter the project area.  Humpback 
whales were listed as “endangered” throughout their range on June 2, 1970 under the Endangered 
Species Act and are considered “depleted” under the Marine Mammal Protection Act.  Humpbacks 
are often found in protected waters over shallow banks and shelf waters for breeding and feeding. 
They migrate toward the poles in summer and toward the tropics in winter and are in the vicinity of 
the North Carolina coast during seasonal migrations, especially between December and April.  
Since 1991 humpback whales have been seen in nearshore waters of North Carolina with peak 
abundance in January through March (NMFS, 2003). In the Western North Atlantic, humpack 
feeding grounds encompass the eastern coast of the United States, the Gulf of St. Lawrence, 
Newfoundland/Labrador, and western Greenland.  Major prey species include small schooling 
fishes (herring, sand lance, capelin, mackerel, small Pollock, and haddock) and large zooplankton, 
mainly krill (up to 1.5 tons per day) (http://www.nmfs.noaa.gov).  Based on an increased number of 
sightings and stranding data, the Chesapeake and Delaware Bays and the U.S. mid-Atlantic and 
southeastern states, particularly along Virginia and North Carolina coasts, have become 
increasingly important habitat for juvenile humpback whales (Wiley et al., 1995).   
 
There are 6 major habitats or congregation areas for western North Atlantic right whales; these are 
the coastal waters of the southeastern United States, the Great South Channel, Georges Bank/Gulf 
of Maine, Cape Cod and Massachusetts Bays, the Bay of Fundy, and the Scotian Shelf.  However, 
the frequency with which right whales occur in offshore waters in the southeastern U.S. remains 
unclear (NMFS, 2003).  While it usually winters in the waters between Georgia and Florida, the 
right whale can, on occasion, be found in the waters off North Carolina.  Right whales swim very 
close to the shoreline and are often noted only a few hundred meters offshore (Schmidly, 1981).  
Right whales have been documented along the North Carolina coast, as close as 250 meters from 
the beach, between December and April with sightings being most common from mid to late March 
(Dr. Frank J. Schwartz, personal communication).  Sighting data provided by the Right Whale 
Program of the New England Aquarium indicates that 93 percent of all North Carolina sightings 
between 1976 and 1992 occurred between mid-October and mid-April (Slay, 1993).      
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The occurrence of right whales in the State's waters is usually associated with spring or fall 
migrations. Due to their restriction to oceanic environments, the only aspects of the proposed 
action, which might result in an encounter with these species, will be the operation of the hopper 
dredge in the offshore borrow areas.   
 
 c.   Current Threats to Continued Use of the Project Area.  None. 
 
 d.   Project Impacts. 
 
  (1)     Habitat.  None. 
 
  (2)   Food Supply.  In the Western North Atlantic, right whales feed primarily on 
copepods (Calanus sp.) and euphausids (krill) (NMFS, 1991) and humpback whales feed on small 
fish and krill.  The proposed dredging will not diminish productivity of the nearshore ocean; 
therefore, the food supply of these species should be unaffected. 
 
  (3)    Relationship to Critical Periods in Life Cycle.  Using a photo-identification 
technique to estimate the minimum population size of individual whales, Kraus et al. (2001) 
identified 291 right whales in 1998.  Based on this estimated population size, current models 
suggest that, if current trends continue, the population could go extinct in less than 200 years 
(Caswell et al., 1999).  Ship strikes are a major cause of mortality and injury to right whales within 
several major shipping corridors on the eastern U.S. and southeastern Canadian coasts.  From 
1997-2001 the average reported mortality and serious injury due to ship strikes was 0.8 whales per 
year (Kraus 1990; Knowlton and Kraus 2001).  According to Jensen and Silber’s (2003) large 
whale ship strike database, a total of 292 large whale ship strikes have occurred worldwide from 
1975-2002 of which 38 (13%) were right whales (~1.4 whales per year).  Based on the data 
provided for each strike, the average ship speed was 18.1 knots.  Ship strikes are responsible for 
over 50 percent of known human-related right whale mortalities and are believed to be one of the 
principal causes for the lack of recovery of the population (Federal Register/Vol. 69, No. 105).   
 
On 01 June 2004, NMFS identified in the Federal Register an advance notice of proposed 
rulemaking for right whale ships strike reduction.  According to the NMFS proposed regulatory 
measures for right whale ship strike reduction, speed restrictions for vessels 65 ft and greater 
would likely be in the range of 10-14 knots.  Ocean going hopper dredges that could be used for 
this project do not reach speeds, loaded (8-10 knots) or un-loaded (10-12 knots), greater than the 
proposed speed restrictions.  Thus, the presence of a hopper dredge in the nearshore ocean 
waters should pose less of a threat to migrating whales than normal commercial ship traffic.  
Furthermore, potential hopper dredging activities for this project will be accomplished under the 
NMFS South Atlantic Regional Biological Opinion (NFMS 1997), which addresses right whale 
interactions.  Therefore, hopper dredging for this project is exempt from the regulatory measures 
for right whale ship strike reduction.  In order to maximize protection of the right and humpback 
whales, 100 percent daytime whale observer coverage will be from December 1 through March 31 
in accordance with this biological opinion.  
 
The overall North Atlantic population of humpback whales is estimated at 10,600 individuals and is 
increasing (Waring et al., 1999); however the minimum population estimates for the Gulf of Maine 
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stock is 647 individuals with a steadily increasing trend (NMFS, 2003).  For the period 1993-1997, 
the total estimated human-caused mortality and serious injury from fishery interactions and vessel 
collisions is estimated at 4.4 per year (NMFS, 2003).  According to Jensen and Silber’s (2003) 
large whale ship strike database, of the 292 records of confirmed or possible ship strikes to large 
whales, 44 records (15%) were of humpback whales, the second most often reported species next 
to finback whales (75 records) (26%).  Of the 5 documented ship strikes resulting in serious injury 
or mortality for North Atlantic humpback whales from January 1997-December 2001, 3 where 
located in North Carolina and South Carolina waters.  Though the total level of human-caused 
mortality and serious injury is unknown, current data indicate that it is significant; furthermore, 
mortality off the U.S. Mid-Atlantic States continues to increase (NMFS, 2003).   
 
  (4)   Effect Determination.  Of the six species of whales being considered, only 
the right whale and humpback whale would normally be expected to occur within the project area 
during the construction period. Therefore, the other species of whales are not likely to be affected.  
According to Jensen and Silber (2003), the mean vessel speed during vessel/whale collisions is 
18.1 knots.  Considering that hopper dredges travel at speeds less than or equal to 14 knots 
depending on their load condition, the presence of a hopper dredge in this area should pose less of 
a collision threat to migrating whales than normal commercial ship traffic.  However, to reduce the 
potential for accidental collision, a whale observer with at-sea large whale identification experience 
will be present on the hopper dredge during use (December 1 through March 31) to conduct 
daytime observations.  If any marine mammals are observed, collisions will be avoided either 
through reduced vessel speed, course alteration, or both.    
 
 Since existing habitat conditions and food supplies will be maintained, hopper dredge 
speeds (loaded and unloaded) are at or below recommended measures for right whale ship strike 
reduction, and whale observer coverage will be implemented in accordance with the South Atlantic 
Regional Biological Opinion, it has been determined that the dredging of sediment from offshore 
borrow areas will not likely adversely affect the above listed species of whales. 
 
3.02.3   West Indian Manatee 
  
 a. Status.  Endangered. 
 
 b. Occurrence in Immediate Project Vicinity.  The manatee is an occasional summer 
resident off the North Carolina coast with presumably low population numbers (Clark, 1987).  The 
species can be found in shallow (5 ft to usually <20 ft), slow-moving rivers, estuaries, saltwater 
bays, canals, and coastal areas (USFWS, 1991). The West Indian manatee is herbivorous and 
eats aquatic plants such as hydrilla, eelgrass, and water lettuce (USFWS, 1999a). Manatees are 
thermally stressed at water temperatures below 18ºC (64.4ºF) (Garrot et al., 1995); therefore, 
during winter months, when ambient water temperatures approach 20ºC (68ºF), the U.S. manatee 
population confines itself to the coastal waters of the southern half of peninsular Florida and to 
springs and warm water outfalls as far north as southeast Georgia. During the summer months, 
sightings drop off rapidly north of Georgia (Lefebvre et al.,  2001) and are rare north of Cape 
Hatteras (Rathbun et al.,  1982; Schwartz, 1995).  However, they are sighted infrequently in 
southeastern North Carolina with most records occurring in July, August, and September, as they 
migrate up and down the coast (Clark, 1993).  The Species is considered a seasonal inhabitant of 
North Carolina with most occurrences reported from June through October (USFWS, 2001).  
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According to Schwartz (1995), manatees have been reported in the state during nine months, with 
most sightings in the August-September period.  Manatee population trends are poorly understood, 
but deaths have increased steadily.  A large percent of mortality is due to collisions with 
watercrafts, especially of calves.  Another closely related factor in their decline has been the loss of 
suitable habitat through incompatible coastal development, particularly destruction of sea grass 
beds by boating facilities (USFWS, 2001). 
 
Manatees are rare visitors to the Topsail Beach Region.  According to Schwartz (1995), a total of 
68 manatee sightings have been recorded in 11 coastal counties of North Carolina during the years 
1919-1994.  Though none of these sightings occurred within the project vicinity, since sightings 
occurred north and south of Topsail Beach, it is likely that manatees transit through the Topsail 
Beach region.  Manatees are known to infrequently occur within nearly all North Carolina ocean 
and inland waters (Schwartz, 1995) with four North Carolina records having been from inlet-ocean 
sites and six from the open ocean (Rathbun, 1982).     
 
According to the existing literature, numbers of manatees using the region are not known but are 
presumed to be very low.  More research is needed to determine the status of the species in North 
Carolina and identify areas (containing food and freshwater supplies), which support summer 
populations. 
 
 c.   Current Threats to Continued Use of the Area.  Current threats to this species in 
the Topsail Beach area cannot be clearly assessed due to our lack of knowledge regarding its 
population, seasonality, distribution, and the habitat components in the project area that may be 
needed for its use.  However, considering that manatees become thermally stressed at water 
temperatures below 18ºC (64ºF) (Garrot et al., 1995), cold winter temperatures keep the species 
from overwintering in the project area. 
 
 d.   Project Impacts. 
 
     (1)   Habitat.  Impacts to estuarine and nearshore ocean habitat of the area 
should be minor.  The effect of these impacts on the value of the area to the manatee is unknown.  
With the current state of knowledge on the habitat requirements for the manatee in North Carolina, 
it is difficult to determine the magnitude of such impacts. Studies currently underway by the 
USFWS using animals fitted with satellite transmitters will hopefully provide data on the nature of 
these seasonal movements and habitat requirements during migrational periods.  
 
   (2)   Food Supply.  Foods, which are used by the manatee in North Carolina, 
are unknown.  In Florida, their diet consists primarily of vascular plants.  The proposed action will 
involve minimal change to the physical habitat of the estuary with no known impacts to vascular 
plants and overall estuarine and nearshore productivity should remain high throughout the project 
area. Therefore, potential food sources for the manatee should be unaffected. 
 
  (3)   Relationship to Critical Periods in Life Cycle.  Since the manatee is 
considered to be an infrequent summer resident of the North Carolina coast, the proposed action 
should have little effect on the manatee since its habitat and food supply will not be significantly 
impacted.  In regards to vessel collisions, the proposed borrow sites are located up to 5.5 miles 
offshore; thus, hopper dredging will not occur in the estuarine or nearshore habitat and direct 
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impacts from collision will not occur.  Nonetheless, the Corps will implement precautionary 
measures for avoiding impacts to manatees during construction activities as detailed in the 
“Guidelines for Avoiding Impacts to the West Indian Manatee” established by the USFWS.      
 
  (4)   Effect Determination.  Since the habitat and food supply of the manatee 
will not be significantly impacted, overall occurrence of manatees in the project vicinity is 
infrequent, all hopper dredging will occur in the offshore environment, and precautionary measures 
for avoiding impacts to manatees, as established by USFWS, will be implemented, the proposed 
action is not likely to adversely affect the manatee. 
 
3.02.4   Hawksbill, Kemp’s Ridley, and Leatherback Sea Turtles 
 
 a.   Status.  Hawksbill, Kemp’s Ridley, and Leatherback Sea Turtles are listed as 
endangered. 
 
 b.   Occurrence in Immediate Project Vicinity.  In North Carolina, the green sea turtle 
and the Kemp’s ridley sea turtle are found in estuarine and oceanic waters.  According to Epperly 
et al. (1994), inshore waters in North Carolina, such as Pamlico and Core Sounds, are important 
developmental and foraging habitats for loggerhead, green, and Kemp’s ridley sea turtles with 
densities at least as great as in the ocean.  Nearly all sea turtles found within these sounds are 
immature individuals immigrating into the sounds in the spring and emigrating from the sounds in 
the late fall and early winter.  Hawksbill and leatherback sea turtles infrequently enter inshore 
waters (Epperly et al., 1995) and are normally associated solely with oceanic waters (Schwartz 
1977).  However, Lee and Palmer (1981) document that leatherbacks normally frequent the 
shallow shelf waters rather than those of the open sea, with the exception of long-range migrants.  
All of these species are found in offshore waters of North Carolina throughout the year and Kemp’s 
ridleys can be present from April through December in inshore waters (Epperly et. al., 1995). 
 
Neither the hawksbill or leatherback sea turtle is observed in North Carolina with much frequency.  
Along the Southeast US coastline, these species are only occasionally observed migrating through 
North Carolina waters.  However, according to Rabon et al. (2003), seven leatherback nests have 
been confirmed in North Carolina since 1998 constituting the northernmost nesting records for 
leatherbacks along the East Coast of the United States.  Almost all confirmed nesting activity in 
North Carolina has been between Cape Lookout and Cape Hatteras.  The Kemp’s ridley sea turtle 
is commonly observed migrating within North Carolina inshore waters during the spring and fall, but 
has been documented to nest only once in North Carolina on Oak Island in 1992 (Godfrey, 2002).   
 
 c.   Current Threats to Continued Use of the Area.  The primary threats facing these 
species worldwide are the same ones facing them in the project area.  Of these threats, the most 
serious seem to be loss of breeding females through accidental drowning by shrimpers (Crouse, et 
al., 1987) and human encroachment on traditional nesting beaches.  Research has shown that the 
turtle populations have greatly declined in the last 20 years due to a loss of nesting habitat along 
the beachfront and by incidental drowning in shrimp trawl nets.  It appears that the combination of 
poorly placed nests coupled with unrestrained human use of the beach by auto and foot traffic has 
impacted this species greatly.  Other threats to these sea turtles include excessive natural 
predation in some areas and potential interactions with the excavation of dredged material using a 
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hopper dredge.  With the exception of hopper dredges, none of the dredge plants (i.e., pipeline 
dredges) proposed for use in the construction of this project are known to take sea turtles. 
 
 d.   Project Impacts.   
 
  (1)   Habitat.  There are no documented nesting attempts of hawksbill, 
leatherback, and Kemp’s ridley sea turtles on the project beaches.  With a few exceptions, the 
entire Kemp’s ridley population nests on the approximately 15 miles of beach in Mexico between 
the months of April and June (USFWS, 1991).  The hawksbill sea turtle nests primarily in tropical 
waters in south Florida and the Caribbean.  Leatherback sea turtles nest primarily in Florida.  
Therefore, the placement of dredged material on the beaches from New Topsail Inlet to the Topsail 
Beach/Surf City town line will not impact any hawksbill, leatherback, and Kemp’s ridley sea turtle 
nesting habitat.   
 
  (2)   Food Supply.  Hawksbill, Kemp’s ridley, and leatherback sea turtles are 
carnivorous (Mortimer, 1995).  The principal food sources for these sea turtle species are 
crustaceans, mollusks, other invertebrates, fish, and cnidarians (Schwartz, 1977).  Hawksbills feed 
on encrusting organisms such as sponges, tunicates, bryozoans, mollusks, and algae, Kemp’s 
ridleys feed predominantly on portunid crabs, and leatherbacks feed primarily on cnidarians and 
tunicates (salps, pyrosomas) throughout the water column but are commonly observed feeding at 
the surface (Bjorndal, 1995).  Dredging will temporarily impact the benthic community in the 
proposed offshore borrow areas.  Potential impacts will be minor as dredging will only affect a 
limited portion of the borrow sites.  Therefore, the project should not significantly affect the food 
supply of Hawksbill and Kemp’s ridley sea turtle species.  Considering that leatherbacks feed 
primarily within the water column on non-benthic organisms, the project should not significantly 
affect the food supply of this species.   
 
  (3)   Relationship to Critical Periods in Life Cycle.  The placement of dredged 
sediment from designated borrow sites on Topsail Beach will be done outside of the sea turtle 
nesting season from 16 November to 31 March.  Since hawksbill, Kemp’s ridley, and leatherback 
sea turtles do not regularly nest in North Carolina, the project should not significantly affect their 
nesting habitat.   According to Epperly et. al. (1995), all of these species migrate in North 
Carolina’s offshore waters (>3.5 miles) throughout the year, and in inshore waters (0-3.5 miles) 
mostly between April and December.  Though adherence to a hopper dredge window of 1 
December to 31 March would avoid peak migratory movements, the presence of turtles in the 
project area is still likely; thus, hopper dredging may impact migrating juvenile, sub-adult, and adult 
turtles.     
 
  (4)   Effect Determination.  Considering that these species do not regularly nest 
along North Carolina coasts, their nesting habitat will not be impacted by beach nourishment.  
However, dredging activities may impact these species during periods of offshore and inshore 
migration (Epperly et al., 1995) depending on the time of year.  Pipeline and hopper dredges will be 
used to dredge material from the designated borrow sites and transport it to the shore.  Cutterhead 
pipeline dredges have not been known to take sea turtles; however, hopper dredges potentially 
pose the greatest risk to sea turtles through physical injury or death by entrainment.  Hopper 
dredges move rapidly over the bottom sediments and can injure or kill juvenile turtles lying on the 
sea bottom.  In order to minimize potential impacts, hopper dredges would be used only from 1 
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December to 31 March of any year when water temperatures are cooler, generally <14ºC (57.2ºF).  
However, because some sea turtle species may be found year-round in the offshore area, hopper-
dredging activities may occur during low levels of sea turtle migration.  To reduce these impacts, 
we anticipate taking certain precautions as prescribed by NMFS and USACE under standard 
hopper dredging protocol.  We will abide by the provisions of the September 25, 1997 Regional 
Biological Opinion for The Continued Hopper Dredging Of Channels And Borrow Areas In The 
Southeastern United States and will maintain observers on hopper dredges for the periods 
prescribed by NMFS to document any takes of turtle species and to ensure that turtle deflector 
dragheads are used properly.   
 
Despite these precautions, the chance of impacting migrating sea turtles with a hopper dredge still 
exists.  Therefore, it has been determined that the proposed project may affect the hawksbill, 
Kemp’s ridley, and leatherback sea turtles.  
 
3.02.5  Loggerhead and Green Sea Turtles 
 
 a.    Status.  Loggerhead turtles are listed as threatened.  Green turtles are listed as 
threatened, except for breeding populations in Florida and on the Pacific Coast of Mexico, which are 
listed as endangered 
 
 b.   Occurrence in Immediate Project Vicinity.  In the project area, the green and 
loggerhead sea turtles are known from both estuarine and oceanic waters.  Both of these species 
are considered to be residents of North Carolina waters primarily from the spring through the fall 
although occasional winter records exist.  Of these two species, only the loggerhead is considered 
to be a regular nester in the state, while green sea turtle nesting is primarily limited to Florida’s east 
coast (300 to 1,000 nests reported annually), but has been observed as far north as North 
Carolina.  For the purposes of this assessment, the loggerhead and green sea turtles are 
considered to be the only species likely to nest in the project area. 
 
Topsail Island is considered to be one of the more heavily nested areas along the North Carolina 
coast, averaging 98.5 nests per season (1990-2004) for the whole island.  Table I-2, shows the 
total number of recorded sea turtle nests in 22 one-mile Sea Turtle Management Zones (STMZ) 
that extend from New River Inlet (#219) to New Topsail Inlet (#240).  Numbers in the table 
represent loggerhead nests except where otherwise noted.  Loggerhead turtles are known to 
regularly nest along all of Topsail Island from New Topsail inlet to New River Inlet, including the 
entire stretch of the project site at Topsail Beach, utilizing the upper beach front for its seasonal 
(May to September) nesting events.  Though records were kept as early as 1984, consistent turtle 
nesting data has been recorded on Topsail Island only since 1990.  Of the 1477 nests laid on 
Topsail Island since 1990, loggerhead sea turtles laid 1468 nests and 9 nests were laid by greens 
(Matthew Godfrey, pers. comm.).  As part of the terms of local cooperation for this project, the 
project area will be monitored for sea turtle nesting and hatchling activity on an annual basis by the 
town of Topsail Beach.   
 
Like the Kemp’s ridley and green sea turtles, loggerheads are known to frequently use coastal 
waters as travel corridors (Wynne, 1999) and have been observed migrating along the North 
Carolina coast (Epperly et al, 1995).  Off the Carolina coast these turtles commonly occur at the 
edge of the continental shelf when they forage around coral reefs, artificial reefs, and boat wrecks.   
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Table I-2.  Total sea turtle nest numbers for Topsail Island from 1990-2004.  (* All nests are 
loggerheads with the exception of 6 greens in 1999 and 3 greens in 2000).  Nest numbers are 
broken down into 22 sea turtle management zones (STMZ) extending from New River Inlet (219) to 
New Topsail Inlet (240).  Zones 236-240 are located within the town of Topsail Beach.  (**Nest 
numbers for 2004 are not available by zone)    
  YEAR   
STMZ '90 '91 '92 '93 '94 '95 '96 '97 '98 '99 '00 '01 '02 '03 '04 Total
219 4 6 1 2 1 4 5 3 10 2 3 7 2 2 NA 52 
220 2 4 1 2 0 4 3 4 2 11 6 8 5 1 NA 53 
221 1 5 2 1 6 0 3 0 6 5 7 2 3 3 NA 44 
222 1 5 6 5 7 5 4 3 5 4 1 1 5 0 NA 52 
223 1 4 6 0 5 1 8 5 5 20 3 3 3 3 NA 67 
224 7 18 11 7 13 8 10 4 8 22 14 2 9 6 NA 139
225 7 7 7 3 1 12 8 9 5 26 5 11 3 4 NA 108
226 2 7 8 3 8 7 6 7 8 14 3 2 6 2 NA 83 
227 5 6 6 2 7 10 4 1 3 7 9 1 2 4 NA 67 
228 4 3 8 1 3 4 7 2 3 5 2 5 3 3 NA 53 
229 6 9 6 3 2 2 2 4 4 6 3 3 6 1 NA 57 
230 4 6 7 3 3 0 6 3 5 2 0 1 4 3 NA 47 
231 0 5 1 4 5 4 5 3 6 4 4 3 3 2 NA 49 
232 7 10 5 1 4 2 12 0 9 4 6 2 1 2 NA 65 
233 5 13 8 7 6 1 10 9 11 12 9 6 12 6 NA 115
234 4 6 6 5 3 4 3 5 1 8 11 4 7 3 NA 70 
235 8 2 2 4 6 2 7 0 2 5 4 1 3 8 NA 54 
236 11 3 1 3 5 3 2 0 3 7 3 4 2 2 NA 49 
237 5 4 2 2 6 9 1 1 3 7 2 3 1 7 NA 53 
238 4 3 1 3 5 4 6 2 3 4 5 4 1 5 NA 50 
239 1 10 3 2 2 7 9 0 1 7 3 0 0 0 NA 45 
240 0 4 2 3 6 4 2 1 2 3 3 5 5 10 NA 50 

 
Total 
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140 

 
100 
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104

 
97 

 
123

 
66 
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* 
185

* 
106

 
78 

 
86 

 
77 

** 
55 
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 c.   Current Threats to Continued Use of the Area.  In addition to affecting the coastal 
human population, coastal sediment loss also poses a threat to nesting sea turtles.  A large 
percentage of sea turtles in the United States nest on nourished beaches (Nelson and Dickerson, 
1988a), therefore, nourishment becomes an important technique for nesting beach restoration 
(Crain et al., 1995).  Most of the Topsail Beach has experienced severe erosion because of 
frequent hurricanes passing over or near the area since 1996.  In many locations the dune and 
beach berm have been eroded away, and no sufficient nesting habitat is available.  Since 
consistent turtle nesting surveys began on Topsail Island in 1990, there has been a gradual decline 
in the average numbers of nests laid per year (Table I-2).  Coupled with this decline is the increase 
in nest relocations for those that are laid.  For those nests that are relocated, they are moved 
higher up on the berm to different incubating environments; thus, the practice of moving them to a 
safer area of similar habitat type is not possible.  One potential cause for decreased nest numbers 
and increased relocation numbers is loss of nesting habitat (Jean Beasley, pers. comm.). 
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Over the years, the project area has experienced long term erosion and accretion episodes; 
however, the erosion rate for the southern end of Topsail Beach is greater resulting in an overall 
loss of beach and nesting habitat.  The southern twelve reaches of the project area (~12,000 ft) 
have an average long-term erosion rate of ~2.34 ft./year.  Large northeaster and hurricane events 
compound the long-term erosion problem; thus, nesting habitat loss is of great concern for the 
entire island.  In areas were erosion is most severe, the tide is so high there is not acceptable 
beach to nest and without relocation efforts in these highly erosive areas, nests will be inundated 
and lost.  Though concerns about beach nourishment as it relates to nest success are evident, with 
overall loss of habitat over time due to erosion, there will be complete loss of nesting on Topsail 
Island (Jean Beasley, pers. comm.).   
 
Topsail Island is considered to be one of the major rookeries for the declining Northern loggerhead 
population; thus restoration of this important nesting habitat on Topsail Island is critical.  
Historically, the north and south ends of Topsail Island have experienced beach disposal 
operations from the maintenance of navigation channels.  These small-scale disposal events have 
re-established lost nesting habitat and have allowed for some turtles to continue nesting in areas 
that would have otherwise been lost.  In regards to suitability for nesting, turtles continue to nest on 
disposal beaches with hatch rate successes similar to non-disposal beaches (Jean Beasley, pers. 
comm.).   
 
The primary threats facing these species worldwide are the same ones facing them in the project 
area.  Of these threats, the most serious seem to be loss of breeding females through accidental 
drowning by shrimpers (Crouse, et al., 1987) and human encroachment on traditional nesting 
beaches.  Research has shown that the turtle populations have greatly declined in the last 20 years 
due to a loss of nesting habitat along the beachfront and by incidental drowning in shrimp trawl 
nets.  It appears that the combination of poorly placed nests coupled with unrestrained human use 
of the beach by auto and foot traffic has impacted this species greatly.  Other threats to these sea 
turtles include excessive natural predation in some areas and potential interactions with the 
excavation of dredged material using a hopper dredge.  With the exception of hopper dredges, 
none of the dredge plants (i.e., pipeline dredges) proposed for use in the construction of this 
project are known to take sea turtles. 
 
 d.   Project Impacts.   
 
  (1)   Habitat.  The proposed project will restore lost turtle nesting habitat by 
placing up to 14.5 million cubic yards over the life of the project.  A total of 3.223 million cubic yards 
of predominantly sandy dredged material will be placed on the project area during initial 
construction and about 866,000 cubic yards during each four-year periodic re-nourishment interval.   
Significant alterations in beach substrate properties may occur with the input of sediment types 
from other sources.  Sediment density (compaction), shear resistance (hardness), sediment 
moisture content, beach slope, sediment color, sediment grain size, sediment grain shape, and 
sediment grain mineral content can be changed by beach nourishment.  Changes in particle size 
can have a direct influence on the shear resistance of the sediment and therefore make the beach 
relatively harder after nourishment.  Females may respond to harder physical properties of the 
beach by spending more time on the beach nesting, which may result in physiological stress and 
increased exposure to disturbances and predation; thus, in some cases leading to a false dig.  
Hard sediment can prevent a female from digging a nest or result in a poorly constructed nest 
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cavity.  Harder or more compact nourished beaches result primarily from angular, finer grain 
sediment dredged from stable offshore borrow sites, whereas less compacted beaches result from 
smoother, coarse sediment dredged from high energy locations such as inlets (Nelson and 
Dickerson, 1989).  If nesting occurs, embryonic development within a nourished nest cavity can be 
affected by insufficient oxygen diffusion and variability in moisture content levels within the egg 
clutch (Ackerman, 1980; Mortimer, 1990; Ackerman et al., 1992).  Ambient nest temperature and 
incubation time may be affected by changes in sediment color, sediment grain size, and sediment 
shape as a result of beach nourishment (Milton et al., 1997).  In marine turtles, sex is determined 
by temperature; males are produced at low temperatures and females at high temperatures 
(Mrosovsky et al., 1998).  Therefore, fluctuation in ambient nest temperature could directly impact 
sex determination. 
 
Based on geophysical analyses and sediment compatibility analyses from identified borings 
(Appendix C), the dredged material to be placed on the beaches averages > 90 percent sand.  
Most of the remaining material consists of fine grain particles (silt and clay), which will not remain 
on the beach.  These fines may temporarily lead to a darkening of the beach.  If this darkening 
persisted it could raise the temperature of nests in the area, and potentially change the sex ratio of 
the hatchlings.  If sand compaction in the nourishment area exceeds 500 cone penetrometer units 
(CPUs), tilling will be performed, and scarps over 18 inches and 100 ft. or longer will be graded. 
 
  (2)   Food Supply.  After leaving the nesting beach, hatchling green and 
loggerhead turtles head towards the open ocean pelagic habitats (Carr, 1987) where their diet is 
mostly omnivorous with a strong carnivorous tendency in green turtles (Bjorndal, 1985).  At about 
20-25 cm carapace length Atlantic green turtles enter benthic foraging areas and shift to an 
herbivorous diet, feeding predominantly on seagrasses and algae but may also feed over coral 
reefs and rocky bottoms (Mortimer, 1982).  At about 40 to 50 cm carapace length, loggerheads 
move into shallow water where they forage over benthic hard and soft bottom habitats (Carr, 1986).  
Loggerhead sea turtles feed on benthic invertebrates including mollusks, crustaceans, and 
sponges (Morrimen, 1982) but have also been found to eat fish, clams, oysters, sponges, jellyfish, 
shrimp, and crabs when near shore. 
 
Dredging will be performed at six borrow sites approximately 3 to 5.5 miles offshore and will not 
affect these resources in the inshore environment.  Impacts on benthic habitat at the offshore 
borrow sites will be minor as dredging will only affect a limited portion of the offshore benthic 
habitat.  Hardbottom surveys were performed within all proposed borrow sites offshore and no 
hardbottom was present; thus, lost foraging habitat within the borrow areas is sandy bottom.  
Therefore, the project should not significantly affect the food supply of the species in the offshore 
borrow sites.   
 
  (3)   Relationship to Critical Periods in Life Cycle.  The dredging of sediment 
from designated borrow sites and placement on Topsail Beach will be done outside of the sea 
turtle nesting season from November 16 to 31 March.  Since loggerhead and green sea turtles nest 
in North Carolina, the project may affect their nesting habitat.  Furthermore, both of these species 
migrate within North Carolina waters throughout the year, mostly between April and December; 
thus, hopper dredging may impact migrating juvenile, sub-adult, and adult sea turtles.      
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  (4)   Effect Determination.  The proposed project could potentially affect 
loggerhead and green sea turtles in three ways.  First, proposed hopper dredging activities may 
occur in areas used by migrating turtles.  Loggerhead and green sea turtles migrate within North 
Carolina waters throughout the year, mostly between April and December.  Pipeline and hopper 
dredges will be used to dredge material from the designated borrow sites and transport it to the 
shore.  Cutterhead pipeline dredges have not been known to take sea turtles, however, hopper 
dredges potentially pose the greatest risk to sea turtles through physical injury or death by 
entrainment.  Hopper dredges move rapidly over the bottom sediments and can injure or kill 
juvenile turtles lying on the sea bottom.  In order to minimize potential impacts, hopper dredges 
would be used only from 1 December to 31 March of any year when water temperatures are 
cooler, generally <14ºC (57.2ºF).  However, because some sea turtle species may be found year-
round in the offshore area, hopper dredging activities may occur during low levels of sea turtle 
migration.  To reduce these impacts, we anticipate taking certain precautions as prescribed by 
NMFS and USACE under standard hopper dredging protocol.  We will abide by the provisions of 
the September 25, 1997 Regional Biological Opinion for The Continued Hopper Dredging Of 
Channels And Borrow Areas In The Southeastern United States and will maintain observers on 
hopper dredges for the periods prescribed by NMFS to document any takes of turtle species and to 
ensure that turtle deflector dragheads are used properly.   
 
Second, beach nourishment sediment from the proposed borrow areas may affect nesting activities 
by altering nesting habitat.  Sediment density (compaction), shear resistance (hardness), sediment 
moisture content, beach slope, sediment color, sediment grain size, sediment grain shape, and 
sediment grain mineral content can be changed by beach nourishment.  If the beach becomes too 
hard through the compaction of deposited nourishment sediments by construction equipment, it 
could present a physical barrier to turtle nest digging.  Hard sediment can prevent a female from 
digging a nest or result in a poorly constructed nest cavity.  Furthermore, beach nourishment may 
influence physical characteristics of beaches such as sand-grain size and shape, silt-clay content, 
sand compaction, moisture content, porosity/water retention, gas diffusion rates, and color of sand 
grains, which could alter the temperature of the beach.  These factors could reduce reproductive 
success of nests laid in nourished areas (Crain et al., 1995; Ackerman, 1996).  The USACE plans 
to alleviate impacts to nesting sea turtles in the project area by implementing steps that are now 
common practice or commonly listed as conditions on permits (to be determined by regulatory 
agencies), such as contingency plans, sediment quality monitoring, compaction tests, tilling, 
leveling scarps in the fill, and monitoring for nests.   
 
Lastly, although significant alterations in beach substrate properties may occur with the input of 
sediment types from other sources, re-establishment of a berm and dune system with a gradual 
slope can enhance nesting success of sea turtles by expanding the available nesting habitat 
beyond erosion and inundation prone areas.   As previously stated, in regards to suitability for 
nesting, turtles continue to nest on disposal beaches of Topsail Island with hatch rate successes 
similar to non-disposal beaches (Jean Beasley, pers. comm.).   
 
 
Despite dredging windows and precautions, the chance of impacting migrating sea turtles with a 
hopper dredge still exists.  Furthermore, though disposal will occur outside of the nesting 
timeframe, alterations of the nesting environment may occur.  However, the proposed project 
would restore the dune and beach berm in many locations where it has been eroded away, thus re-
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establishing important sea turtle nesting habitat.  Therefore, it has been determined that the 
proposed project may affect the green and loggerhead sea turtles. 
 
3.02.6   Shortnose Sturgeon 
 
 a.   Status.  Endangered 
 
 b.   Occurrence in Immediate Project Vicinity.  Populations of shortnose sturgeon 
range along the Atlantic seaboard from the Saint John River in New Brunswick, Canada to the 
Saint Johns River, Florida (USFWS, 1999b).  It is apparent from historical accounts that this 
species may have once been fairly abundant throughout North Carolina's waters; however, many 
of these early records are unreliable due to confusion between this species and the Atlantic 
sturgeon (Acipenser oxyrhynchus).  There are historical records of the shortnose sturgeon both in 
Albemarle Sound and the nearshore ocean (Dadswell, et al., 1984).  However, in the recent past, 
this species was thought to be extirpated from North Carolina (Schwartz, et al., 1977).  During the 
winter of 1986-87, the shortnose sturgeon was taken from the Brunswick River, a component of the 
Cape Fear River basin.  With this discovery, the species is once again considered to be a part of 
the state's fauna; however, there are still no recent records of the species from the project area (F. 
Rhode 2004, pers. comm.).  Because of the lack of suitable freshwater spawning areas in the 
project area and the requirement of low salinity waters by juveniles, any shortnose sturgeons 
present would most likely be non-spawning adults (NMFS, 1998). 
 

c.   Current Threats to Continued Use of the Area.  Pollution, blockage of traditional 
spawning grounds, and over fishing are generally considered to be the principal causes of the 
decline of this species.  The prohibition by North Carolina Division of Marine Fisheries  (NCDMF) 
on taking any sturgeon in North Carolina should help to protect the species from commercial and 
recreational fishing pressure. 
 
 d.   Project Impacts.  
 
  (1)   Habitat.  The shortnose sturgeon is principally a riverine species and is 
known to use three distinct portions of river systems: (1) non-tidal freshwater areas for spawning 
and occasional overwintering; (2) tidal areas in the vicinity of the fresh/saltwater mixing zone, year-
round as juveniles and during the summer months as adults; and (3) high salinity estuarine areas 
(15 parts per thousand (ppt.) salinity or greater) as adults during the winter.  Habitat conditions 
suitable for juvenile and adult shortnose sturgeon could occur within the project area; however, 
spawning habitat should lie well outside of the project area and should not be affected by this 
project.  The presence of juvenile shortnose sturgeon is not likely due to high salinity.  Adults are 
found in shallow to deep water (6 to 30 feet) and, if present, would be expected to occupy the 
deeper channels during the day and the shallower areas adjacent to the channel during the night 
(Dadswell et al., 1984). 
 
  (2)   Food Supply.  The shortnose sturgeon is a bottom feeder, consuming 
various invertebrates and stems and leaves of macrophytes.  Adult foraging activities normally 
occur at night in shallow water areas adjacent to the deep-water areas occupied during the day.  
Juveniles are not known to leave deep-water areas and are expected to feed there. 
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Dredging for this project will occur at six offshore borrow sites; therefore, shallow water feeding 
areas will not be affected by the project. 
 
  (3)   Relationship to Critical Periods in Life Cycle.  Because of the mobility of 
adult and juvenile shortnose sturgeon and infrequent occurrence in the project area, direct impacts 
as a result of the project are not likely to occur.   
 
  (4)   Effect Determination.  It is unlikely that the shortnose sturgeon occurs in 
the project area (Fritz Rohde, pers. comm.).  Because no known shortnose sturgeon have been 
documented in the project area, it has been determined that the proposed action is not likely to 
affect any of this species or its habitat.  However, should it occur, its habitat would be only 
minimally altered by project construction.  This species feeds on a wide variety of invertebrates and 
while some food resources may be initially affected, most invertebrates will quickly re-establish 
from adjacent unaffected areas.  Although hopper dredges have been known to impact shortnose 
sturgeons, dredging for this project will occur in offshore environments, outside of its habitat range.  
Therefore, impacts from dredges are not anticipated to occur.  Because of the unlikelihood of 
shortnose sturgeon being present in the project area and since dredging will occur in the offshore 
environment, it has been determined that the actions of the proposed project are not likely to 
adversely affect the shortnose sturgeon. 
 
3.02.7  Seabeach Amaranth 
 
 a.   Status.  Threatened  
 
 b.  Occurrence in Immediate Project Vicinity.  Seabeach amaranth is an annual or 
sometimes perennial plant that usually grows between the seaward toe of the dune and the limit of 
the wave uprush zone occupying elevations ranging from 0.2 to 1.5 m above mean high tide 
(Weakly and Bucher, 1992).  Greatest concentrations of seabeach amaranth occur near inlet areas 
of barrier islands, but in favorable years many plants may occur away from inlet areas.  It is 
considered a pioneer species of accreting shorelines, stable foredune areas, and overwash fans 
(Weakly and Bucher, 1992; Hancock and Hosier, 2003).  Seed dispersal of seabeach amaranth is 
achieved in a number of ways, including water and wind dispersal (USFWS, 1995). 
 
Historically, seabeach amaranth was found from Massachusetts to South Carolina, but according 
to recent surveys (USACE 1992-2004), its distribution is now restricted to North and South 
Carolina with several populations on Long Island, New York.  The decline of this species is caused 
mainly by development of its habitat, such as inlet areas and barrier islands, and increased ORV 
and human traffic, which tramples individual plants (Fussell, 1996).   
 
Since 1992 the USACE has surveyed Topsail Beach for seabeach amaranth.  A total of 34,942 
plants (ranging from 3 to 22,410 per year) have been recorded in Topsail Beach since 1992 within 
5 survey reaches (Table I-3).  Hurricanes, and subsequent habitat loss, may play a role in the 
dramatic reduction in plant numbers from 1997-2000 as evidenced by the post-hurricane data from 
hurricane Fran (1996) and Hurricane Floyd (1999).       
 
Table I-3.  Annual seabeach amaranth survey results (1991-2004) on Topsail Beach, NC.    
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Subpart A1 A2 A3 A4 B Total 

 Length   5,300 ft   3,925 ft   4,250 ft   4,125 ft   2,825 ft    

1991 no survey   

1992 792 <<< <<< <<< 21,618 22,410 

1993 (H) 49 <<< <<< <<< 2,040 2,089 

1994 34 <<< <<< <<< 101 135 

1995 1,079 <<< <<< <<< 846 1,925 

1996 (H) 393 <<< <<< <<< 607 1,000 

1997 2 0 0 0 1 3 

1998 110 <<< <<< <<< 0 110 

1999 (H) 5 1 1 1 31 39 

2000 12 <<< <<< <<< <<< 12 

2001 773 838 131 46 2,253 4,041 

2002 27 2 44 1 339 413 

2003 191 64 245 62 481 1,043 

2004 226 76 210 172 1,038 1,722 

All Years 3,693 981 631 282 29,355 34,942 
(H) = year of hurricane impact              <<< = count included under subreach A1. 
 
Since sea beach amaranth seeds are fairly resilient and germination is dependent on critical 
physical conditions, populations of seabeach amaranth are very dynamic with numbers of plants 
fluctuating dramatically from year to year.  Germination begins in April as temperatures reach 
about 25ºC (77ºF) and continues at least through July with greatest germination occurring at 35ºC 
(95ºF) (USFWS, 1996b; Hancock and Hosier, 2003).  Seed production begins in July or August, 
peaks in September, and continues until the plant dies (USFWS, 1996b).  According to Hancock 
and Hosier (2003) sea beach amaranth is physically controlled (salt water inundation, temperature, 
emergence at depth, etc.) rather than biologically controlled (web worm).  Furthermore, seedlings 
are unable to emerge from depths greater than 1cm; however, seabeach amaranth seeds are 
resilient, and century–old seeds of some species of amaranth are capable of successful 
germination and growth (USFWS, 1996b).           
 
 c.   Current Threats to Continued Occurrence in the Project Area.  Seabeach 
amaranth has been eliminated from approximately two-thirds of its historic range.  Habitat loss and 
degradation are the greatest threats to the continued existence of seabeach amaranth with 
localized herbivory by webworms also contributing to mortality in North Carolina.  According to the 
data collected from surveys on Topsail Beach (Table I-3), it appears that hurricanes in 1993, 1996, 
and 1997 led to dramatic reductions in plant numbers in the subsequent years.  Though beach 
stabilization efforts are thought to be a leading contributor to the decrease in the population 
(USFWS, 1996b), new populations have been observed to follow sand placement on beaches 
where sand has been disposed by the Corps of Engineers (ex. Wrightsville Beach and Bogue 
Banks) (USFWS, 1996b; CSE, 2004).  Seabeach amaranth is dependent on terrestrial, upper 
beach habitat that is not flooded during the growing season from May in to the fall.  Therefore, 
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beach erosion is probably the primary threat to the continued presence in the area.  Furthermore, 
beach bulldozing is common practice on Topsail Beach and in many cases may add to the existing 
erosion problem and loss of seabeach amaranth habitat.   
 
 d.   Project Impacts. 
 
  (1)   Habitat.  The selected plan has a main fill length of 23,200 feet, from 
approximately 400 feet southwest of Godwin Avenue, in reach 3, to the Topsail Beach town limit in 
reach 26 (See Section 7.01.1).  A 2,000-foot northern transition and a 1,400 southern transition will 
extend beyond the limits of the main fill.  The transition areas will consist of a tapered berm only 
resulting in a starting transition berm width of 155 feet that uniformly tapers to zero (See Section 
7.01.2).  Of the 3.86 miles of beach surveyed for seabeach amaranthus on Topsail Beach since 
1992 (Table I-3), reach B (0.54 miles), located adjacent to the inlet, accounts for about 84% of the 
total plants surveyed.   The proposed project limits avoid the inlet areas where amaranth most 
commonly occurs; thus, impacts to the densest populations (84%) of seabeach amaranth will be 
avoided.  The beachfront within the project limits is currently conducive to the growth of seabeach 
amaranth; however, due to high erosion rates and inundation from storm events its available 
habitat is deteriorating.  Beach nourishment would have initial impacts through burial of existing 
plants and seeds; however, much of the habitat requirements for seabeach amaranth lost to 
erosion will be restored.   
 
  (2)    Relationship to Critical Periods in Life Cycle.  Beach disposal during 
construction will be conducted during the colder months from 16 November to 30 April.  If dredging 
takes place in the winter when only seabeach amaranth seeds are present, the impacts on 
individual plants are likely to be minor.  However, deeply burying seeds during any season could 
have serious effects on populations.  While such disposal is not an ideal management practice for 
the species, the restoration of the habitat is of prime importance.  Beach nourishment rebuilds 
habitat for seabeach amaranth and can have long-term benefits (USFWS, 1996b).  The project 
area would be included in the USACE monitoring program during the seabeach amaranth growing 
season for the life of the beachfill.  
 
  (3)   Effect Determination.  Beach nourishment will restore much of the existing 
habitat lost to erosion and is expected to provide long-term benefits to seabeach amaranth; 
however, disposal and deep burial of seeds on a portion of the beaches during project construction 
may slow germination and population recovery over the short-term.  Therefore, the project may 
affect seabeach amaranth. 
 
 
3.02.8   Piping Plover 
 
 a.  Status.  Threatened 
 
 b.  Occurrence in Immediate Project Vicinity:  The Atlantic Coast piping plover population 
breeds on coastal beaches from Newfoundland to North Carolina (and occasionally in South 
Carolina) and winters along the Atlantic Coast (from North Carolina south), the Gulf Coast, and in 
the Caribbean where they spend a majority of their time foraging.  Since being listed as threatened 
in 1986, only 800 pairs were known to exist in the three major populations combined and by 1995 
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the number of detected breeding pairs increased to 1,350.  This population increase can most 
likely be attributed to increased survey efforts and implementation of recovery plans (Mitchell et. 
al., 2000). 
 
Piping plovers are known to nest in low numbers in widely scattered localities on North Carolina's 
beaches.  The species typically nests in sand depressions on unvegetated portions of the beach 
above the high tide line on sand flats at the ends of sand spits and barrier islands, gently sloping 
foredunes, blowout areas behind primary dunes, sparsely vegetated dunes, and washover areas 
cut into or between dunes.  Piping plovers head to their breeding grounds in late March or early 
April (http://pipingplover.fws.gov/overview.html) and nesting usually begins in late April; however, 
nests have been found as late as July (Potter, et al., 1980; Golder, 1985).  During a statewide 
survey conducted in 1988, 40 breeding pairs of piping plovers were located in North Carolina.  
LeGrand (1984a) states that "all of the pipings in the state nest on natural beachfronts, both 
completely away from human habitation and [yet] in moderate proximity to man".  The largest 
reported nesting concentration of the species in the State appears to be on Portsmouth Island 
where 19 nests were discovered in 1983 by John Fussell (LeGrand, 1983).  The southernmost 
nesting record for the state was one nest located in Sunset Beach by Phillip Crutchfield in 1983 
(LeGrand, 1984b).  Feeding areas include intertidal portions of ocean beaches, washover areas, 
mud flats, sand flats, wrack lines, and shorelines of coastal ponds, lagoons, or salt marshes 
(USFWS, 1996a).  Prey consist of worms, fly larvae, beetles, crustaceans, mollusks, and other 
invertebrates (Bent, 1928). 
 
The piping plover is a fairly common winter resident along the beaches of North Carolina (Potter et 
al., 1980).  On 10 July 2001, the USFWS designated 137 areas along the coasts of North Carolina, 
South Carolina, Georgia, Florida, Alabama, Mississippi, Louisiana, and Texas as critical habitat for 
the wintering population of the piping plover where they spend up to 10 months of each year on the 
wintering grounds.  Constituent elements for the piping plover wintering habitat are those habitat 
components that are essential for the primary biological needs of foraging, sheltering, and roosting, 
and only those areas containing these primary constituent elements within the designated 
boundaries are considered critical habitat.  The USFWS has defined textual unit descriptions to 
designate areas within the critical habitat boundary.  These units describe the geography of the 
area using reference points, include the areas from the landward boundaries to the MLLW, and 
may describe other areas within the unit that are utilized by the piping plover and contain the 
primary constituent elements.  Unit NC-11 encompasses approximately 1114 acres in Pender and 
New Hanover counties extending southwest from 1.0 km northeast of MLLW of New Topsail Inlet 
on Topsail Island to 0.53 km southwest of MLLW of Rich Inlet on Figure Eight Island.  This unit 
includes Topsail Inlet and associated lands including emergent sandbars, from MLLW on Atlantic 
Ocean and sound side to where densely vegetated habitat, not used by the piping plover, begins 
and where the constituent elements no longer occur.  In Topsail Sound, the unit stops as the 
entrance to tidal creeks become narrow and channelized (Federal Register/Vol. 66, No 132, July 
10, 2001).         
 
Most piping plovers at Topsail Beach have been observed as predominantly migratory and winter 
residents utilizing intertidal flats exposed at low tide for feeding and roosting.  However, breeding 
pairs have been observed on Topsail Beach from which seven nests have been documented since 
1999 (Table I-4).  All nests were located in the critical habitat area and were laid on the inlet spit in 
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front of the main dune system.  Of the nests laid on Topsail Beach only one was successful with 
one documented fledgling in 1999 (Sue Cameron, pers. comm.). 
 
Table I-4.  Piping Plover nests on Topsail Beach from 1999-2004.   

Year Number of 
Birds  

Number of 
Nests 

Number of 
Fledglings 

Location  

1999 1 pair 1 1 Inlet Spit/Critical Habitat 
2001 1 pair 2 0 Inlet Spit/Critical Habitat 
2002 1 pair 2 0 Inlet Spit/Critical Habitat 
2003 1 pair 1 0 Inlet Spit/Critical Habitat 
2004 1 pair 1 0 Inlet Spit/Critical Habitat 

 
 c. Current Threats to Continued Use of the Area.  Loss and degradation of habitat 
due to development and shoreline stabilization have been major contributors to the decline of 
piping plovers.  The current commercial, residential, and recreational development has decreased 
the amount of coastal habitat available for piping plovers to nest, roost, and feed.  Furthermore, 
beach erosion and the abundance of predators, including wild and domestic animals as well as 
feral cats, have further diminished the potential for successful nesting of this species.  Since project 
beaches are wintering area for the piping plover, the major threat to its occupation of the area 
during the winter months would be continued degradation of beach foraging habitat.  Similar 
degradation of beaches elsewhere could be a contributing element to declines in the state's nesting 
population. 
 
 
 d. Project Impacts. 
 
  (1)  Habitat.  The existing shoreline of Topsail Beach is heavily developed, 
with the exception of the designated critical habitat (Unit-NC11), and is experiencing significant 
shoreline erosion.  Piping plover breeding territories on the Atlantic Coast typically include a 
feeding area along expansive sand or mudflats in close proximity to a sandy beach that is slightly 
elevated and sparsely vegetated for roosting and nesting (http://nc-es.fws.gov/birds/pipiplov.html).  
As erosion and development persist, piping plover breeding, nesting, roosting, and foraging habitat 
loss continues.  Habitat loss from development and shoreline erosion and heavy public use has led 
to the degradation of piping plover habitat in the project area.  The enhancement of beach habitat 
through the addition of beach fill may potentially restore lost roosting and nesting habitat; however, 
short-term impacts to foraging and roosting habitat may occur during project construction.      
 
As part of this project construction, the placement of sediment along Topsail Beach will occur from 
16 November to 30 April.  Since piping plovers head to their breeding grounds in late March and 
nesting occurs in late April, it is possible that the project construction may impact breeding and 
nesting piping plovers.  This potential impact will only be during the start of the breeding and 
nesting season and for a short period.  However, all of the piping plover breeding and nesting 
activity documented since 1999 has occurred on the inlet spit and within the designated critical 
habitat area.  The project construction limits do not include the critical habitat area and will 
therefore avoid this documented nesting habitat on the inlet spit.  Wintering habitat for roosting and 
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foraging may also be impacted.  Direct short-term foraging habitat losses will occur during 
construction of the project fill.  Since only a small portion of the foraging habitat is directly affected 
at any point in time during pumpout and adjacent habitat is still available, overall direct loss of 
foraging habitat will be minimal and short-term.  However, the critical habitat designation (Unit NC-
11) encompassing the entire inlet spit adjacent to New Topsail Inlet will not be directly impacted.          
 
 
  (2) Food Supply.  Piping plovers feed along beaches and intertidal mud and 
sand flats.  Primary prey includes polychaete worms, crustaceans, insects, and bivalves.  
According to Section 8.01.6 of the EIS, the benthic invertebrate community will suffer short-term 
impacts from the disposal of sediment on the beach; thus, a diminished prey base will 
subsequently impact piping plovers over the short term.  However, only a portion of the beach is 
affected at any point in time (approximately 4-5,000 feet per month).  Once disposal passes that 
point, recruitment from adjacent beaches can begin.  Therefore, un-impacted or recovering 
foraging habitat on Topsail Beach will be available throughout the duration of the project.   
 
  (3) Relationship to Critical Periods in Life Cycle.  Beach placement of sand 
derived from identified borrow sites is expected to occur from 16 November to 30 April.  Therefore, 
the breeding and nesting season (April 1 through 31 July) will be impacted for a period of about 30 
days.  Considering that only 7 nesting attempts have been made in the area since 1999 and that 
only one quarter of the nesting season will be impacted, impacts to the piping plover nesting 
season are expected to be minimal.  However, designated constituent elements of the critical 
habitat for piping plovers may be impacted by the project; thus, foraging, sheltering, and roosting 
habitat may be temporarily impacted.   
 
  (4) Effect Determination.  The long-term effects of the project may restore lost 
roosting and nesting habitat through the addition of beach fill; however, short-term impacts to 
breeding, foraging, sheltering, roosting habitat and potentially nesting habitat may occur during 
project construction.  Therefore, it has been determined that the project may affect the piping 
plover. 
 
4.00  COMMITMENTS TO REDUCE IMPACTS TO LISTED SPECIES 
 
The following list is a summary of environmental commitments to protect listed species related to 
the construction and maintenance of the proposed project.  These commitments address 
agreements with agencies, mitigation measures, and construction practices. 
 
1. The National Marine Fisheries Service Regional Biological Opinion for the continued 
hopper dredging of channels and borrow areas in the southeastern United States dated 25 
September, 1997 will be strictly adhered to.  Furthermore, Hopper dredging activities will comply 
with the South Atlantic Division Corps of Engineers hopper dredging protocol which requires a 
hopper dredging window of 1 December to 31 March, the use of turtle deflecting dragheads, inflow 
and/or overflow screening, and NMFS certified turtle and whale observers. 
 
2. In order to determine the potential taking of whales, turtles and other species by hopper 
dredges, NMFS certified observers will be on board the hopper dredges during construction.  To 
the maximum extent feasible, the observers will record all species taken along with length and 
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weight and any unusual circumstances that might have led to the species capture.  Observers will 
also record all whale observations within the project vicinity    
 
3. Monitoring of sea turtle nesting activities in beach nourishment areas will be required to 
assess post nourishment nesting activity.  This will include daily surveys beginning at sunrise from 
May 1 until September 15.  Information on false crawl location, nest location, and hatching success 
of all nests will be recorded.  The beach will be monitored for escarpment formation prior to each 
nesting season.  If an escarpment exceeds 18 inches for a distance of 100 ft. it will be leveled. 
 
4. Monitoring for seabeach amaranthus on Topsail Beach will be required to assess the post 
nourishment presence of plants.  This survey will broken down into 5 survey reaches (A1, A2, A3, 
A4, B) in accordance with the designated USACE sea beach amaranth survey reaches from 1991-
2004 in order to maintain consist data and survey techniques over time.  
 
5. The Corps will implement precautionary measures for avoiding impacts to manatees 
during construction activities as detailed in the “Guidelines for Avoiding Impacts to the West Indian 
Manatee in North Carolina Waters” established by the USFWS.         
 
5.00  SUMMARY EFFECT DETERMINATION 
 
It has been determined that the project, as currently proposed, may affect the hawksbill sea turtle, 
Kemp's ridley sea turtle, leatherback sea turtle, loggerhead sea turtle, green sea turtle, piping 
plover, and seabeach amaranth. 
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APPENDIX J 
 

Cumulative Impact Assessment 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

Shore Protection Project 
 
 

The Council on Environmental Quality (CEQ) defines cumulative impact as: 
 
The impact on the environment which results from the incremental impact of the action 
when added to other past, present, and reasonably foreseeable actions regardless of what 
agency (Federal or non-Federal) or person undertakes such other actions.  Cumulative 
impacts can result from individually minor but collectively significant actions taking 
place over a period of time (40 CFR 1508.7).  This analysis follows the 11-step process 
outlined by the CEQ in their 1997 publication Considering Cumulative Effects Under the 
National Environmental Policy Act. 
 
1.  Significant Cumulative Effects Issues 
 
 This assessment of cumulative impacts will focus on impacts of dredging from the 
proposed ocean borrow sites, and impacts of placement of sand material on the beach 
(whether for beach nourishment or disposal of dredge maintenance material) on 
significant coastal shoreline resources.  In making this assessment, we have reviewed two 
Environmental Reports prepared for and published by the U.S. Department of the 
Interior, Minerals Management Service, entitled “Use of Federal Offshore Sand 
Resources for Beach and Coastal Restoration in New Jersey, Maryland, Delaware, and 
Virginia,” dated November 1999 (DOI 1999) and “Collection of Environmental Data 
Within Sand Resource Areas Offshore North Carolina and the Environmental 
Implications of Sand Removal for Coastal and Beach Restoration,” dated 2003 (Byrnes et 
al. 2003); the U.S. Army Corps of Engineers Dare County Beaches (Bodie Island 
Portion) Final Feasibility Report and EIS on Hurricane Protection, dated September 
2000; and the U.S. Army Corps of Engineers  Draft Evaluation Report and 
Environmental Assessment, Morehead City Harbor Section 933, dated May 2003, the last 
two of which included comprehensive assessments of state-wide cumulative impacts.  In 
discussing the potential cumulative impacts of offshore borrow area dredging and beach 
nourishment, we consider time crowded perturbations, and space crowded perturbations, 
as defined below, to be pertinent to this action. 
 
 Time crowded perturbations – repeated occurrence of one type of impact in the 

same area. 
 Space crowded perturbations – a concentration of a number of different impacts 

in the same area. 
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2.  Geographic Scope 
 
 This analysis will focus on cumulative impacts within the project area since 
portions of affected beaches under the current proposal have received fill in the past and 
the proposed action represents an approximately 1.5% increase in the area of North 
Carolina beaches affected by sand placement as described in the Dare County Beaches 
EIS (COE 2000) and Morehead City Harbor Section 933 (COE 2003) documents 
referenced.  Additionally, this analysis will study the cumulative impacts, within the 
project area, of increased offshore borrow area use.  The proposed project represents a 
new impact to the offshore benthic resources in the Topsail Island area.  However, 
cumulative impacts of beach nourishment/disposal and offshore borrow area use on a 
statewide scale will also be assessed herein. 
 
3.  Time Frame 
 
 This analysis considers known past, present and the reasonably foreseeable future 
sand placement and offshore borrow on a statewide scale and project vicinity scale over a 
50-year period of analysis from 1965 to 2015.  This time period was selected to include 
the first U.S. Army Corps of Engineers Wilmington District, beach nourishment projects 
in 1965 and includes the first Wilmington District placement of dredged material within 
the project area (in the vicinity of Topsail Beach) in about 1969.  While historic accounts 
of local shore protection efforts including sand placement on Wrightsville Beach dating 
back to the mid-1930s were considered in this assessment, no attempt was made to 
quantify these actions since detailed data were not available.  Projections were extended 
to 2015, as that date represents a reasonably foreseeable future, and the majority of 
remaining ocean beach that could reasonably be expected to have federal projects 
implemented is currently under study and included in this analysis. 
 

At the project vicinity scale the cumulative assessment considers past periodic 
beach disposal of AIWW maintenance material either annually or on a six-year basis 
along portions of Topsail Island.  This assessment assumes continued periodic beach 
disposal of maintenance material along Topsail Island and construction of the proposed 
project.  The cumulative analysis also considers the potential that a future beach 
nourishment project could be constructed along North Topsail and Surf City beaches as 
that length of beach is undergoing a feasibility study. 
 
4.  Actions Affecting Resources of Concern 
 
 This analysis of cumulative effects of the proposed action will focus on the 
impacts of dredging from the proposed ocean borrow sites and placement of sand 
material on the beach.  In making this assessment, we have reviewed an Environmental 
Report prepared for and published by the U.S. Department of Interior, Minerals 
Management Service, entitled “Use of Federal Offshore Sand Resources for Beach and 
Coastal Restoration in New Jersey, Maryland, Delaware, and Virginia,” dated November 
1999 (DOI 1999) and the report titled “Collection of Environmental Data Within Sand 
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Resource Areas Offshore North Carolina and the Environmental Implications of Sand 
Removal for Coastal and Beach Restoration,” dated 2003 (Byrnes et al. 2003). 
 
4a.  Actions Affecting Benthic Resources 
 
 Dredging:  As a result of dredging areas for beach nourishment sand, there is 
concern for potential cumulative impacts due to repeated dredging in a borrow area 
within short periods of time such that the benthic community may not have time to 
recover.  Dredging in subsequent areas close to one another may result in impacts to 
potential adult organism recruitment to the dredged areas, further lengthening the time for 
recovery in an area (DOI 1999). 
 
 Other factors affecting Benthic Resources:  Many factors unrelated to dredging 
of sand from borrow areas may affect benthic resources including, beach resources and 
ocean fish stocks.  The factors can be a result of natural events such as natural population 
cycles or as a result of favorable or negative weather conditions including La Niña, El 
Niño, and major storms or hurricanes to name a few.  These global events have far 
greater impacts on these resources at the population level than relatively local activities 
such as removal of sand from a given area of ocean bottom.  Primary man-induced 
factors affecting fish stocks are over fishing and degradation of water quality due to 
pollution.  When examining the cumulative effect of space crowded perturbations, these 
other factors far outweigh the potential incremental effects of borrow dredging of sand on 
benthic or fish populations. 
 
4b.  Actions Affecting Beach Resources 
 
 The major sources of beach impacts are local beach maintenance activities (which 
include local beach nourishment), disposal of dredged material from maintenance of 
navigation channels, and beach nourishment (berm and dune construction with long-term 
periodic maintenance).  Of particular concern are macroinvertebrate, fisheries, shorebird, 
and sea turtle species that utilize or occur on or adjacent to ocean beaches.  These 
resources are also impacted by natural events and anthropomorphic activities that are 
unrelated to disposal of sand on the beach as discussed below. 
 
 Local Maintenance Activity:  Under the existing condition the project area is 
subjected to repeated and frequent maintenance disturbance by individual homeowners 
and local communities following major storm events.  These efforts are primarily made to 
protect adjacent shoreline property.  Such repairs consist of dune rebuilding using sand 
from beach scraping.  Limited fill and sandbags are generally used to the extent allowable 
by CAMA permit. Such frequent maintenance efforts could keep the natural resources of 
the barrier island ecosystems from reestablishing a natural equilibrium with the dynamic 
coastal forces of the area.  
 

Permitted Beach Nourishment:  Local efforts can also include beach 
nourishment such as that conducted along Pine Knoll Shores, Salter Path, Indian Beach, 
and Emerald Isle by local interests in 2001-2004.  While locally funded beach 
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nourishment activities are not wide spread, they also occur along other developed North 
Carolina beaches.  Beaches that have been nourished under permit, or may be permitted 
to be nourished, include Figure Eight Island, Holden Beach, North Topsail Beach, 
Emerald Isle, Onslow Beach and Ocean Isle Beach.  These beaches represent 
approximately 35 miles of beach or 11% of North Carolina beach.  These frequent 
maintenance efforts could keep the natural resources of the barrier island ecosystems 
from reestablishing a natural equilibrium with the dynamic coastal forces of the area. 
 
 COE Beach Disposal:  Maintenance material from dredging in the vicinity of 
Topsail Beach has historically been disposed along 1.8 miles of beach.  Throughout 
North Carolina, maintenance dredging of navigation channels places sand along 
approximately 22 miles of the 320 miles of beachfront along the North Carolina shoreline 
(about 7 percent).  The Wilmington District currently uses about 50 percent of the length 
of beach in North Carolina that is approved for this purpose and does not anticipate 
significant increases in beach disposal in the foreseeable future. 
 
 Beach quality sand is a valuable resource that is highly sought by beach 
communities to provide wide beaches for recreation and tourism, as well as to provide 
hurricane and wave protection for public and private property in these communities.  
When beach quality sand is dredged from navigation projects, it has become common 
practice of the COE to make this resource available to beach communities, to the 
maximum extent practicable.  Placement of this sand on beaches merely represents return 
of material, which eroded from these beaches, and is, therefore, replenishment with 
native material.  The design of beach placement sites is very simple; generally it extends 
the elevation of the natural berm seaward.  Widths of beach placement zones generally 
reflect the wishes of the local government relative to the choice between a long, narrow 
beach, or a shorter, wider beach. 
 
 COE Beach Nourishment:  Beach nourishment activities typically include the 
construction and long-term (50-year) maintenance of a berm and dune.  The degree of 
cumulative impact would increase proportionally with the total length of beach 
nourishment project constructed.  The first federal North Carolina beach nourishment 
projects were constructed at Carolina and Wrightsville Beaches in 1965, and totaled 
approximately 6.4 miles.  An additional 3.8 miles of federal beach nourishment project 
was constructed in 1975 at Kure Beach.  An additional 14 miles of Dare County Beaches 
is approved for construction beginning in 2004.  Most of the remaining developed North 
Carolina beaches (including the proposed project area) are currently under study by the 
Wilmington District for potential future beach nourishment projects.  Considering 
existing and proposed Federal nourishment projects, approximately 91 miles or 28 
percent of the North Carolina coast could have private or federal beach nourishment 
projects by 2015. 
 
 Other factors affecting Beach Resources:  Many factors unrelated to placement 
of sand on the beach may affect beach resources including, benthic resources, shorebird 
populations and ocean fish stocks.  The factors can be a result of natural events such as 
natural population cycles or as a result of favorable or negative weather conditions 
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including droughts, floods, La Niña, El Niño, and major storms or hurricanes to name a 
few.  A primary anthropogenic factor affecting shorebird populations is beach 
development resulting in a loss or disturbance of nesting habitat and invasion of domestic 
predators.  Primary man-induced factors affecting fish stocks are over fishing and 
degradation of water quality due to pollution. 
 
5.  Significant Resources 
 
  
 
Based on scoping comments from resource agencies and others, the primary concerns 
with the proposed beach disposal are direct and indirect impacts to macroinvertebrates, 
fish, shorebirds, and sea turtles.  Federally listed threatened or endangered species which 
could be present along the North Carolina coast are the blue whale, finback whale, 
humpback whale, right whale, sei whale, sperm whale, West Indian manatee, green sea 
turtle, hawksbill sea turtle, Kemp's ridley sea turtle, leatherback sea turtle, loggerhead sea 
turtle, shortnose sturgeon, seabeach amaranth, and piping plover.  Impacts to all species 
are summarized below and include, but are not limited to, mortality, reduction in prey 
species, habitat change, and disturbance during construction activities.  Also discussed 
are the benefits of periodic renourishments, which are expected to enhance nesting 
success of sea turtles and to provide additional habitat for sea beach amaranth.  In relation 
to dredging of offshore sites for material, the primary concerns are the potential impacts 
to benthic organisms, fish species and hardbottom habitat areas.  Discussion of all 
significant resources considered in this assessment is included in Sections 2.0 and 8.0 of 
the EIS. 
 
Beach and Dune.  Terrestrial habitat types within these areas include sandy or sparsely 
vegetated beaches and vegetated dune communities.  Mammals occurring within this 
environment are opossums, cottontails, gray foxes, raccoons, feral house cats, shrews, 
moles, voles, and house mice.  Common vegetation of the upper beach includes beach 
spurge, sea rocket and pennywort.  The dunes are more heavily vegetated, and common 
species include American beach grass, panic grass, sea oats, broom straw, seashore elder, 
and salt meadow hay.  Seabeach amaranth, a Federally listed threatened species, is 
present throughout most of North Carolina.  Ghost crabs are important invertebrates of 
the beach/dune community.  The beach and dune also provide important nesting habitat 
for loggerhead and green sea turtles as well as  habitat for a number of shorebirds and 
many other birds, including resident and migratory songbirds.   Placement of material 
along the ocean beach enhances and improves important habitat for a variety of plants 
and animals, and restores lost habitat in the areas of most severe erosion.  This is 
especially important for nesting loggerhead sea turtles and seabeach amaranth.  Historic 
nesting data from Topsail Island indicate that sea turtles continue to nest on disposal 
beaches with hatch rate successes similar to non-disposal beaches (Jean Beasley, pers. 
comm.).  Furthermore, new populations of seabeach amaranth have been observed to 
follow sand placement on beaches where sand has been disposed by the Corps of 
Engineers (ex. Wrightsville Beach and Bogue Banks) (USFWS, 1996b; CSE, 2004).  
Individually and cumulatively, in addition to providing important habitat, beach 
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nourishment projects protect public infrastructure, public and private property, and 
human lives.   
 
Marine Waters.   Along the coast of North Carolina, marine waters provide habitat for a 
variety of ocean fish and are important commercial and recreational fishing grounds.  
Kingfish, spot, bluefish, weakfish, spotted seatrout, flounder, red drum, king mackerel, 
and Spanish mackerel are actively fished from boats, the beach, and local piers.  Offshore 
marine waters serve as habitat for the spawning of many estuarine dependent species.  
Oceanic large nekton located offshore of North Carolina are composed of a wide variety of 
bony fishes, sharks, and rays, as well as fewer numbers of marine mammals and reptiles.  
Marine mammals and reptiles that may be present in the offshore borrow sites are 
addressed in the Biological Assessment.  Dredging andplacement of beach fill may create 
impacts in the marine water column in the immediate vicinity of the activity, potentially 
affecting the surf zone and nearshore ocean.  These impacts may include minor and short-
term suspended sediment plumes and related turbidity, as well as the release of soluble 
trace constituents from the sediment.  Overall water quality impacts for any given project 
are expected to be short-term and minor.  Cumulative effects of multiple simultaneous 
beach nourishment operations could be potentially harmful to fishes of the surf zone.  
However, the high quality of the sediment selected for beach fill and the small amount of 
beach affected at any point in time would not suggest that this activity poses a significant 
threat.   
 
 

Intertidal  and Nearshore Zones.  The intertidal zone within the proposed beach 
nourishment areas serves as habitat for invertebrates including mole crabs, coquina 
clams, amphipods, isopods, and polychaetes, which are adapted to the high energy, sandy 
beach environment.  These species are not commercially important; however, they 
provide an important food source for surf-feeding fish and shore birds.  The surf zone is 
suggested to be an important migratory area for larval/juvenile fish moving in and out of 
inlets and estuarine nurseries (Hackney et al., 1996).  Disposal operations along the beach 
can result in increased turbidity and mortality of intertidal macrofauna, which serves as 
food sources for various fish and bird species.  Therefore, feeding activities of these 
species may be interrupted in the immediate area of beach sand placement.  These mobile 
species are expected to temporarily relocate to other areas as the project proceeds along 
the beach.  Though a short-term reduction in prey availability may occur in the 
immediate disposal area, only a small area is impacted at any given time, and once 
complete, organisms can recruit into the nourished area.  The anticipated construction 
timeframes for beach projects are typically from 15 November to 30 April and would 
avoid a majority of the peak recruitment and abundance time period of surf zone fishes 
and their benthic invertebrate prey source.   To summarize, the impacts of beach 
renourishment projects on the intertidal and nearshore zones are considered temporary,  
minor and reversible.  Cumulative effects of multiple simultaneous beach nourishment 
operations could be potentially harmful to fishes of the surf zone, however, the high 
quality of the sediment selected for beach fill and the small amount of beach affected at 
any point in time would suggest that this activity would not pose a significant threat. 
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  Hardbottoms.    Hardbottoms are also called "live-bottoms" because they support 
a rich diversity of invertebrates such as corals, anemones, and sponges, which are refuges 
and food sources for fish and other marine life.  They provide valuable habitat for reef 
fish such as black sea bass, red porgy, and groupers.  Hardbottoms are also attractive to 
pelagic species such as king mackerel, amberjack, and cobia.  While hardbottoms are 
most abundant in southern portions of North Carolina, they are located along the entire 
coast (USFWS, 1990).  Hardbottoms in the Topsail Beach area are discussed in detail in 
Section 2.01.10.  Although, the best available data does not suggest the presence of high 
relief hardbottom off of Topsail beach, a nearshore hardbottom survey, utilizing side-scan 
and multi-beam sonar, will be completed prior to finalization of the EIS. The survey 
methodology and analysis of side scan and multi-beam sonar data will be discussed in the 
Final EIS.  If significant hardbottom resources are identified through this survey, 
potential project impacts will be discussed in detail in the final EIS.  Though the potential 
for sedimentation exists with any beach protection project, the effects on low lying 
ephemeral hardbottom communities are not expected to be significant and impacts to 
high relief hardbottom will be avoided, therefore, cumulative effects are expected to be 
minimal.  .   
 
 
 Nearshore Zone.  Beach nourishment projects introduce fill into nearshore 
waters out to a specified depth of closure, usually from about –20 to –25 feet.  Benthic 
organisms, phytoplankton, and seaweeds are the major primary producers in this 
community with species of Ulva (sea lettuce), Fucus, and Cladocera (water fleas) being 
fairly common where suitable habitat occurs.  Many species of fish-eating birds are 
typically found in this area including gulls, terns, cormorants, loons, and grebes (Section 
2.02.3).  Marine mammals and sea turtles also are frequently seen in this area and are 
discussed in detail in Section 2.02.4 and the Biological Assessment.  Fishes and benthic 
resources of this area are discussed in Sections 2.01.7 and 2.01.9 respectively.   
 
 
5a.  Other Resources 

 Air Quality.   The ambient air quality for all of coastal North Carolina has been 
determined to be in compliance with the National Ambient Air Quality Standards.  All 
coastal counties in North Carolina are designated as attainment areas and do not require 
conformity determinations.     

Additionally, although ozone is not a significant problem in the coastal counties, ozone is 
North Carolina's most widespread air quality problem, particularly during the warmer 
months.  High ozone levels generally occur on hot sunny days with little wind, when 
pollutants such as nitrogen oxides and hydrocarbons react in the air.   The ozone season is 
April through October.  Dredging with beach disposal or renourishment typically takes 
place during the cooler months of the year, during times of low biological activity and 
outside of the ozone season.  The proposed project and all other existing similar projects 
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along the North Carolina coast are not anticipated to create any adverse effect on air 
quality. 

 Social and Economic.  The coastal areas of North Carolina will continue to grow 
and expand both with and without beach nourishment projects. Therefore, the economic 
benefit analysis for the proposed project claims no increase in benefits or hurricane and 
storm damage due to induced development.  Development of vacant lots is limited to lots 
buildable under the regulations set forth by CAMA, flood plain regulations, State and 
local ordinances, and applicable requirements of the Federal Flood Insurance Program.  

IWR Report 96-PS-1, FINAL REPORT: An Analysis of the U.S. Army Corps of  
Engineers Shore Protection Program, June 1996 states:  “Corps projects have been found 
to have no measurable effect on development, and it appears that Corps activity has little 
effect on the relocation and/or construction decisions of developers, homeowners, or 
housing investors.” 

  Wave Conditions.  Localized deepening of offshore borrow areas is the only 
potential source of impacts on wave conditions, however, these changes are not expected 
to be significant.  For the proposed Topsail Beach project, the borrow area use plan 
identifies six detached, relatively small borrow areas scattered across an 8 or 9 mile 
swath in water depths of 40 to 50 feet, which should have less impact on wave conditions 
than dredging of a large, contiguous area.   
 

Shoreline and Sand Transport.  Existing water depths in offshore borrow areas 
are substantially deeper than the estimated active profile depths.  Therefore no impacts to 
the active profile are expected due to borrow area dredging for this project or any other 
projects in the State.  
 
Net movement of material placed on Topsail Beach will be predominantly to the north 
based on transport analysis, with northerly sediment transport being roughly twice that of 
southerly transport on average.  On a regional basis, renourishment projects add material 
to the longshore transport system, thus providing positive impacts.   Although a regional 
sediment budget analysis has not been completed, it is expected that the proposed action 
and the combined effects of all other existing and proposed beach projects will have a 
minimal effect on shoreline and sand transport.   
 
 
6.  Resource Capacity to Withstand Stress and Regulatory Thresholds 
 
 There are no known thresholds relating to the extent of ocean bottom that can be 
disturbed without significant population level impacts to fisheries and benthic species.  
Therefore, a comparison of cumulative impacts to established thresholds is not made.  It 
is clear from the analysis in Section 4a above, that the potential impact area is small 
relative to the area of available similar habitat on a local, vicinity, and statewide basis.  It 
is expected that there is a low risk that the direct and cumulative impacts of the proposed 
action and other known similar activities would reach a threshold with potential for 
population level impacts on important commercial fish stocks.  In regard to physical 
habitat alterations it is expected that alterations in depths and bottom sediment may occur 
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and be persistent.  However, site modifications would be within the range of tolerance by 
these species and, although man-altered, consistent with natural variations in depth and 
sediment within the geographic range of EFH for local commercial fish species.  The 
Final Report, Collection of Environmental Data Within Sand Resource Areas Offshore 
North Carolina and The Environmental Implications of Sand Removal for Coastal and 
Beach Restoration (Byrnes et al. 2003) provided the following assessment of potential 
impacts to benthic organisms from dredging: 
 
 Because the sedimentary regime of North Carolina sand source areas is vertically 
uniform, recolonization of surficial sediments by later successional stages likely will 
proceed even if dredged shoals are not completely reestablished.  Furthermore, dredging 
of only a small portion of the area within each of the resource areas will ensure that a 
supply of non-transitional, motile taxa will be available for rapid migration into dredged 
sites.  While community composition may differ for a period of time after the last 
dredging, the infaunal assemblage type that exists in mined areas will be similar to 
naturally occurring assemblages in the study area, particularly those assemblages 
inhabiting inter-ridge troughs.  Based on previous observations of infaunal 
reestablishment in dredged sites, the infaunal community in dredged sites most likely will 
become reestablished within 2 years, and will exhibit levels of infaunal abundance, 
diversity, and composition comparable to nearby non-dredged sites. 
 
 In a 1999 Environmental Report on the use of federal offshore sand resources for 
beach and coastal restoration, the U.S. Department of Interior, Minerals Management 
Service (DOI 1999) provided the following assessment of potential impacts to beach 
fauna from beach disposal: 
 
 Because benthic organisms living in beach habitats are adapted to living in high 
energy environments, they are able to quickly recover to original levels following beach 
nourishment events; sometimes in as little as three months (Van Dolah et al. 1994; 
Levison and Van Dolah 1996).  This is again attributed to the fact that intertidal 
organisms are living in high energy habitats where disturbances are common.  Because 
of a lower diversity of species compared to other intertidal and shallow subtidal habitats 
(Hackney et al. 1996), the vast majority of beach habitats are recolonized by the same 
species that existed before nourishment (Van Dolah et al. 1992; Nelson 1985; Levison 
and Van Dolah 1996; Hackney et al. 1996). 
 
 While the proposed beach disposal may adversely impact intertidal macrofauna, 
these organisms are highly resilient and any effects will be localized, short-term, and 
reversible. 
 
7.  Baseline Conditions 
 
 The following EIS section describes the status of significant resources that may be 
affected by this and other similar projects that are pertinent to this analysis. 
 
  Section 2.0, Affected Environment. 
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8.  Cause and Effect Relationships 
 
 The following EIS section describes impacts of the proposed action on significant 
resources.  Cause and effect relationships described in the EIS are consistent with those 
that would be expected for other similar projects that are pertinent to this analysis. 
 
  Section 8.0, Environmental Effects. 
 
9.  Magnitude and Significance of Resource Impacts 
 
9a.  Offshore Borrow Areas 
 
 Site Specific Impacts:  Concept plans for the potential use of borrow sites A, B, 
D-F for project construction and maintenance are shown on Figures A-1 and A-2 in 
Appendix.  Borrow Area C as shown on the same figures would be held in reserve as a 
contingency borrow area.  Under the proposed plan, borrow area A (2,297 acres 
available) would be used for initial construction of the proposed project.  Approximately 
3.3 million cubic yards of material would be required for initial construction with direct 
impacts to approximately 521 acres of sandy ocean bottom.  The impacts of this activity 
on ocean invertebrates are discussed in Section 8.01, Marine Environment.  Maintenance 
activities would involve direct dredging impacts to borrow areas A, B, D-F with portions 
of each area used for the four-year renourishment cycle.  The total area available for use 
(borrow areas A – F) would be approximately 3,870 acres.  Dredging for maintenance 
would impact 264 acres per cycle, or an average of 79 acres per year beginning in year 4 
and continuing throughout the 50-year project life.  Assuming that the borrow areas are 
not impacted by repeatedly dredging recently used areas, unusually high sedimentation 
rates, or some other disturbance, a natural succession of species should occur, potentially 
restoring the area to its original levels of abundance and biomass within 1-5 years (DOI 
1999).  This cyclic use of borrow areas A, B, D-F would result in cumulative effects from 
space crowded perturbations on a local scale.  Based on a 5-year running total, the largest 
area of affect would be at year 2012 when 785 acres are in recovery.  After 2016, the area 
in recovery would average 187 acres.  As shown on Figure J-1, the area in recovery will 
cycle between 264 and 528 acres depending on where in the renourishment cycle the 
project is. 
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Figure J-1, Area in Recovery 
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Local Impacts: 
 
 Existing Sites:  Cumulative impacts from space crowded perturbations would 
occur at the local scale, resulting from the use of sites A, B, D-F for initial project 
construction and periodic maintenance on a four-year interval.  Average annual impacts 
of the proposed plan would be an estimated 79 acres/year on a local scale. 
 
 Potential Sites:  Should the North Topsail Beach/Surf City project be 
implemented, proposed borrow areas G – T (Figure J-2) would experience cumulative 
impacts from space crowded perturbations at the local scale. 
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Figure J-2,  Topsail Island, Local Potential Borrow Areas
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Statewide Impacts: 
 
 Existing Sites:  There is currently only one North Carolina ocean borrow site in 
use.  It is located in the nearshore ocean off of Kure Beach (approximately 30 miles to the 
south).  For the purposes of this analysis, the borrow areas for Dare County Beaches 
(Bodie Island Portion) are considered as existing although no material has been dredged 
from them as of this writing.  Dredging requirements for Kure Beach are about 766,000 
cy every 3 years, about 90% of the 4 year maintenance requirement of the proposed 
action.  Assuming that the addition of this project would cause an incremental increase in 
impact area of about 90% (~71 acres/year), and including the annual use for Dare County 
Beaches (Bodie Island Portion) of approximately 372 acres (COE 2000), the cumulative 
impact area from space crowded perturbations statewide is estimated to be approximately 
511 acres. 
 
 Potential Sites:  The Wilmington District is in the early reconnaissance planning 
stages of four major beach nourishment studies.  These studies include Bogue Banks, 
Brunswick County Beaches, Dare County Beaches (Hatteras to Ocracoke Portion), and 
North Topsail Beach/Surf City beaches.  While extensive information on potential 
offshore borrow areas is not available at this stage other than for North Topsail 
Beach/Surf City, and any assumptions are highly speculative, consideration of potential 
beach nourishment that may come from this study was considered prudent for a worst 
case assessment. 
 
 Bogue Banks:  Proposed project would involve approximately 23 miles of beach 
from Atlantic Beach in the north to Bogue Inlet to the south.  Using the figures cited for 
the Dare County Beaches (Bodie Island Portion) for borrow area use, this project (Bogue 
Banks) would cover about 160% of the 14.2 mile beach area (Dare County project 
length) with a resulting use of approximately 595 acres of borrow annually. 
 
 Brunswick County Beaches:  Proposed project would encompass approximately 
19 miles of beach including Caswell Beach, Oak Island and Holden Beaches.  Use of the 
projected borrow area requirements for Dare County Beaches (Bodie Island Portion) 
shows that this project (Brunswick County Beaches) would cover about 134% of the 14.2 
mile beach area (Dare County project length) with a resulting use of approximately 498 
acres of borrow annually. 
 

Dare County Beaches (Hatteras to Ocracoke Portion):  Public concerns have 
identified 10 “hot spots” of beach erosion where potential beach nourishment is 
proposed.  It is assumed for this analysis that 10 miles of beach nourishment could occur 
as early as 2008.  This project could cover about 70% of the beach area (14.2 miles) 
proposed for the Dare County Beaches (Bodie Island Portion) with a resulting use of 
approximately 260 acres of borrow annually. 
 
 North Topsail Beach/Surf City:  Proposed project encompasses approximately 
10 miles of beach.  Using preliminary study data, the project would require around 9.2 
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million cubic yards of sandy material for construction and 2.2 million cubic yards every 
four years for renourishment.  Based on these figures, annual borrow area use would be 
approximately 84 acres. 
 
 The following tables graphically illustrate the relationship of the proposed borrow 
areas to the available habitat in the area.  The available habitat area is estimated by 
multiplying the shoreline length of the area of consideration by the distance from the 
shore of the offshore limit of the proposed borrow areas.  For this study, the proposed 
borrow areas are located between one to six miles offshore, so the offshore extent used is 
5 miles.  We recognize that other methods could be used to establish an area of available 
habitat, but believe this method to be both reasonable, and conservative, given the broad 
geographic range of species considered in this analysis. 

 
Table J-1:  Local Cumulative Impact Area for Borrow Sites 
Topsail Beach (A, B, D-F) and N. Topsail Beach/Surf City (G-T) 

Impact Area Available Habitat % Impacts 
Existing & 
Proposed 

Potential Shoreline 
Length 

Offshore 
Extent 

Area Existing & 
Proposed 

Potential

79 ac. 
(0.1 mi2) 

163 ac. 
(0.3 mi2) 

14.7 mi. 5 mi. 47,040 ac. 
(73.5 mi2) 

0.2% 0.3% 

 
Table J-2:  Project Vicinity Cumulative Impact Area for Borrow Sites 
(~50 mile radius) Topsail Beach (A, B, D-F), N. Topsail Beach/Surf City (G-T), Bogue 
Banks, Brunswick County Beaches, Kure Beach 

Impact Area Available Habitat % Impacts 
Existing & 
Proposed 

Potential Shoreline 
Length 

Offshore 
Extent 

Area Existing & 
Proposed 

Potential

139 ac. 
(0.2 mi2) 

1,324 ac. 
(2.1 mi2) 

100 mi. 5 mi. 320,000 ac.  
(500 mi2) 

0.04% 0.4% 

 
Table J-3:  Statewide Cumulative Impact Area for Borrow Sites 
Topsail Beach (A, B, D-F),  N. Topsail Beach/Surf City (G-T), Dare County Beaches 
(N1, N2, S1), Kure Beach, Bogue Banks, Brunswick County Beaches, Dare County 
Beaches (Hatteras to Ocracoke)  

Impact Area Available Habitat % Impacts 
Existing & 
Proposed 

Potential Shoreline 
Length 

Offshore 
Extent 

Area Existing & 
Proposed 

Potential

511 ac. 
(0.8 mi2) 

1,956 ac. 
(3.1 mi2) 

320 mi. 5 mi. 1,024,000 ac. 
(1,600 mi2) 

0.05% 0.2% 

 
9b.  Beach Areas 
 
 The impacts of beach disposal on North Carolina beaches are considered to be 
similar to those described in Section 8.0 of the EIS.  The degree of cumulative impact 
would increase proportionally with the total length of beach impacted.  The most likely 
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projects to increase the length of North Carolina beach disposal are beach nourishment 
projects. 
 
 As shown in Table J-4 below, the North Carolina ocean beaches (320 miles) can 
be divided up based on the potential that a beach nourishment project will be proposed 
for them.  The Coastal Area Management Act (CAMA) applies to all 20 North Carolina 
Coastal Counties.  Proper beach nourishment or disposal or local maintenance as 
described above is generally regulated under CAMA or USACE permitting authorities 
alone, and for this analysis, are labeled CAMA regulated.  Approximately 37 percent of 
North Carolina beaches are in this category. 
 
Table J-4:  North Carolina Beach Classifications 

Classification Percentage of Total 
Coastal Barrier Resource System 19 
Developed and/or CAMA Regulated 37 
National Park Lands 40 
State Park Lands 4 
 
 Other North Carolina ocean beach areas are unlikely to be considered for beach 
disposal.  The Coastal Barrier Resources Act (CBRA) of 1982 (PL 97-348) and the 
Coastal Barrier Improvement Act of 1990 (PL 101-591) restrict federal expenditures in 
those areas comprising the Coastal Barrier Resources System (CBRS).  These are 
beaches within the CBRS (19 percent), or beaches that are owned and managed by either 
the State (4 percent) or Federal Government (40 percent), primarily as National or State 
Parks, or developed and/or regulated by CAMA (37 percent). 
 
 The large majority of existing or projected disposal and nourishment projects 
described below are federal, with less than two percent of the activities conducted by 
private groups.  While most CBRS lands are undeveloped because no federal funds may 
be expended in those areas, local maintenance activities could be expected in any 
developed portions.  For example, North Topsail Beach is located within CBRS lands, 
but individual landowners still repair dunes by beach scraping.  Federal and state parks 
allow highly restricted disposal under special use permits and conduct disposal only as 
required to protect resources, such as at Pea Island.  Only about 10 percent (on 
National/Federal and State Parks) of all existing or projected disposal/nourishment in 
North Carolina are on beaches within this category.  Of that number, 8 percent are 
potential nourishment projects in the early planning stages, which are highly speculative 
but included for worst-case analysis. 
 This analysis quantifies these impacts in terms of the percent of North Carolina 
beach affected on an annual and total basis by sand disposal for maintenance of federal 
navigation channels, and existing, proposed, or potential beach nourishment projects.  
Activities of others are also considered. 
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Statewide Impacts 
 

The following analysis of statewide impacts were determined based on 
cumulative impact analyses conducted for the Morehead City Harbor 933 in 2003 and 
Dare County Beaches (Bodie Island) FEIS in 2000.  Areas that were proposed for 
construction at the time of those analyses but have been constructed are now listed as 
existing projects.  Table J-5 displays the percentages of North Carolina beaches that may 
have future nourishment or disposal activities. 
 
 Existing Federal Disposal Activities: 
 Average/year – 8 miles or 3 percent of total NC ocean beach (320 miles). 
 Minimum for any year – 4 miles or 1 percent of total NC ocean beach. 
 Total beach affected is 22 miles or 7 percent of total NC ocean beach. 
 
 Existing Local Disposal Activities, Sections 1135 and 933: 
 One-time events with no maintenance, constructed since 2000 assessment.  Local 

Bogue Banks Permit – 17 miles, Wilmington Harbor – 14 miles, 1135 – 2 miles. 
Total beach affected is 33 miles or 10 percent of total NC ocean beach. 
 
Existing Beach Nourishment: 
Average of 3 miles per year (USACE project only) or 1 percent of NC ocean 
beach. 
Minimum of 0 miles (possibility that no beach nourishment occurs in any given 
year). 
Total beach affected is 18 miles or 5 percent of total NC ocean beach. 
 
Proposed Beach Nourishment: 
(These numbers are highly speculative and subject to change.  Includes best guess 
for projects that are in early study phases, i.e., study requested but not funded, and 
reconnaissance). 
Average per year of 17 miles or 5 percent of NC ocean beach. 
Minimum of 0 miles (possibility that no beach nourishment occurs in any given 
year). 
Maximum per year of 85 miles or 27 percent of total NC ocean beach. 

 Inclusion of Onslow Beach (1 mile) and Kitty Hawk North (2.2 miles) – Total 
beach affected 88.2 miles or 28 percent of NC ocean beach. 

 
 Cumulative Impacts (Disposal and Nourishment projects existing and 

future). 
 Average annual impact from existing disposal and nourishment 11 miles, 3 

percent of NC beaches. 
 Maximum annual impact (worst case) from existing beach disposal and 

nourishment activities 49 miles, 15 percent of NC ocean beach. 
 Average annual impact from existing disposal and nourishment projects and 

proposed projects 59 miles, 18 percent of NC ocean beach. 
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 Maximum impact (worst case) from existing disposal and nourishment and 
potential beach nourishment 122 miles, or 38 percent of NC ocean beach. 

 
Table J-5:  North Carolina Beaches – Potential for Nourishment or Disposal 

Potential Percentage of Total 
Beach Disposal or Nourishment Likely 
(excluding activities on parkland) 

33 

Future Undetermined 5 
Protected Beaches, Nourishment Restricted or Limited 62 
 
 It is interesting to note that approximately 5 percent of the North Carolina ocean 
beach is not regulated beyond the CAMA and USACE guidelines (for example Hutaff 
Island located north of Rich Inlet), and is not proposed for beach nourishment or disposal.  
The future of this and comparable areas is undetermined.  Due to extreme development 
pressure however, such areas are likely to be developed in the future unless additional 
protection is provided at a state or federal level. 
 
 As shown on Figure J-3, beach disposal/nourishment activities are relatively 
limited however these activities could potentially increase to 122 miles as early as 2015.  
Table J-6 displays the percentages of North Carolina beach sand placement under such a 
scenario. 
 
Figure J-3  Projected Miles of Beach Nourishment and Disposal 
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Table J-6:  North Carolina Existing and Proposed Sand Placement 
Action Percentage of Total 
Federal Disposal 2 
Federal Nourishment + Disposal 28 
Permitted Nourishment 11 
Protected Beaches, Nourishment Restricted or Limited 59 
 
Project Level Impacts 
(4.7-mile study area) 
 
 The approximately 4.7-mile study area consists of Topsail Beach from the 
northern city limit with Surf City and traveling southwest to the Piping Plover critical 
habitat at New Topsail Inlet. 
 
 a.  Existing Local Maintenance: 
 

• Under existing conditions, the entire study area (4.7 miles) is expected to 
experience frequent local maintenance, including beach scraping and 
bulldozing, etc. 

 
 b.  Existing Disposal Activities: 
 

• Portions of the 4.7-mile study area receive dredged material on an 8 to 10 year 
cycle. 

• The placement of nourishment material along the 4.7-mile study area is not 
expected to affect the current disposal schedule. 

 
c.  Existing Beach Nourishment: 

 
• None. 

 
 d.  Proposed Beach Nourishment: 
 

• The entire 4.7-mile study area is proposed for beach nourishment. 
 

e.  Cumulative Impacts: 
 

• Approximately 1.6 miles of the areas proposed for sand deposition within the 
4.7-mile study area have had previous beach disposal. 

 
• It is possible that the proposed action will impact beach invertebrates in areas 

that have not fully recovered from past sand deposition, extending recovery 
time. 
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Vicinity Impacts 
50 miles north and south of the project (104.7 total miles) 
 
 a.  Local Maintenance: 
 

• Under existing conditions approximately 42 miles or 40 percent of beaches 
within the project vicinity are developed and are expected to experience 
frequent local maintenance (i.e., beach scraping, beach nourishment/disposal, 
etc.). 

 
b.  Disposal Activities: 

 
• 42 miles or 40 percent of the ocean beach in the project vicinity are currently 

or have been used for beach disposal of dredged material. 
 

c.  Existing Beach Nourishment: 
 

• About 16 miles or 15 percent of the ocean beach in the project vicinity has 
been nourished by local interests or the COE. 

 
d.  Proposed Beach Renourishment: 

 
• 52 miles or 50 percent of ocean beaches in the project vicinity are under 

study. 
 

e.  Cumulative Impacts: 
 

• With all proposed and existing disposal and nourishment impacts, potentially 
67 miles (64 percent) of ocean beach in the project vicinity may have a federal 
beach nourishment project within the reasonably foreseeable future. 

 
Conclusion 
 
 Relatively small portions of North Carolina beaches (approximately 12 percent) 
are presently affected by these activities.  With the proposed action, the impact area 
would not increase significantly since portions of the areas proposed for fill have 
previously had sand deposition.  On a statewide scale, the existing and approved disposal 
sites are well distributed in northern, central and southern parts of the state with 
undeveloped protected beaches (i.e., National/Federal and State Parks and Estuarine 
Reserves) in between.  It is unlikely that cumulative impacts from space crowded 
perturbation are occurring or will occur due to the construction of this project.  The 
analysis suggests that the potential impact area from the proposed and existing actions is 
small relative to the area of available similar habitat on a vicinity and statewide basis.  
Also, for some species, such as sea turtles and seabeach amaranth, beach projects  
provide habitat or improve existing habitat by replacing beach material lost to erosion.   
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All areas are expected to recover invertebrates, which should continue to be available as 
food resources. 
 
10.  Actions to Reduce Cumulative Impacts 
 
 Section 4.00 of Appendix I, Biological Assessment, Endangered Species includes 
environmental commitments proposed to minimize project impacts.  These actions will 
also reduce any cumulative impacts related to beach nourishment and offshore borrow 
activities. 
 
11.  Monitoring 
 
 As discussed in Section 4.00 of Appendix I, Biological Assessment, Endangered 
Species, monitoring for select species would be conducted as a component of the 
proposed project.  On-shore monitoring would include surveys for sea turtle nesting 
activity and seabeach amaranth presence.  Off-shore monitoring would include 
observation for presence of marine mammals and West Indian manatee during dredging 
operations.  Several of the incrementally larger beach projects considered in this 
assessment including Wilmington Harbor, Bogue Banks (local nourishment project) and 
Dare County Beaches have significant monitoring components that will address beach 
impact on northern, central and southern North Carolina beaches.  Dare County Beaches 
project also has a significant offshore borrow area monitoring component for both pre- 
and post-borrow activities. 
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Scoping Letters and List of Respondents 



Below is a list of agencies/individuals that responded to the NEPA Scoping letter, 
dated February 14, 2001.  Their responses and the NEPA Scoping letter are 
attached in the same order. 
 

1. U. S. Fish and Wildlife Service, Raleigh Field Office, letter dated 16 March 
2001 

 
2. N. C. Department of Cultural Resources, State Historic Preservation 

Office, letter dated 2 April 2001. 
 

3. N. C. State Clearinghouse, Department of Administration, response dated 
19 March 2001 

 
4. PenderWatch & Conservancy, Hampstead, NC, letter dated 13 March 

2001 
 

5. N. C. Wildlife Resources Commission, Habitat Conservation Program, 
letter dated 13 March 2001. 

 
6. N. C. Division of Water Resources, Water Project Section, letter dated 12 

March, 2001 
 

7. N. C. Division of Environmental Health, Shellfish Sanitation Section, letter 
dated 27 February 2001 

 
8. N. C. Division of Environmental Health, Public Health and Pest 

Management Section, response dated 26 February 2001. 
 

9. N. C. Division of Coastal Management, memorandum dated 23 February 
2001 

 
10.  N. C. Division of Water Quality, Wilmington Regional Office, response 

dated 9 March 2001 
 

11.   Natural Resources Conservation Service, letter dated 11 February 2002 
 

12.   NEPA Scoping letter, letter dated, February 14, 2001 
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REAL ESTATE PLAN 
FOR 

GENERAL REEVALUATION REPORT 
 

WEST ONLSOW BEACH & NEW RIVER INLET (TOPSAIL BEACH) 
 

SHORE PROTECTION PROJECT 
PENDER COUNTY, NORTH CAROLINA 

 
 

1. THE REAL ESTATE REPORT   
 
This report is tentative in nature and is to be used for planning purposes only.  

Although the report is written based on specific data from Planning Division, Wilmington 
District, some minor modifications to the plan may occur thus changing the final 
acquisition area(s) and/or administrative and land cost.  This Real Estate Plan is intended 
to support the General Reevaluation Report for the subject project.  The author of this 
report has inspected the Project areas.  This report pertains specifically to the Town of 
Topsail Beach who is the sponsor for the project.    

 
 

2. AUTHORITY 

West Onslow Beach and New River Inlet is a shore protection project.  The Energy 
and Water Development Appropriations Act for Fiscal Year 2001, Public Law 106-377, 
included funds for the Government to initiate design (as defined in Article I.B of the 
Design Agreement) of the West Onslow Beach and New River Inlet (Topsail Beach) 
Shore Protection Project, at Topsail Beach, Pender County, North Carolina in partnership 
with Topsail Beach. 

  
Section 101 of the Water Resources Development Act (WRDA) of 1992 authorizes 

the construction or implementation of the West Onslow Beach and New River Inlet 
(Topsail Beach) Shore Protection Project at Topsail Beach, Pender County, North 
Carolina.  The authorized project is as described in the report of the Chief of Engineers, 
dated November 19, 1991, and the Final Feasibility Report and Environmental Impact 
Statement on Hurricane Protection and Beach Erosion Control approved on August 27, 
1992. 

 

3. PROJECT DESCRIPTION  

Located on the southeastern coast of North Carolina, Topsail Island is a 26-mile 
barrier island that ranges from 500 to 1,500 feet wide.  The Town of Topsail Beach is 
located in Pender County and is approximately 5 miles long.  The Town was incorporated 
in 1963, and has a population of approximately 500 year round residents.  A seasonal 
influx of tourists increases the population to at least 7,000 in the summer months.  
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Topsail Beach is the home of the only sea turtle hospital in the state, the Karen Beasely 
Sea Turtle Rehabilitation and Rescue Center.  The Town has one public fishing pier.  A 
vicinity map of Topsail Island is at Exhibit “A”.    
 

An array of plans were formulated and considered for the project. This Real Estate 
Appendix will focus on the recommended Locally Preferred Plan (LPP), which is the 
1250X.  The Study Area is shown at Exhibit “A-1”.  In concept, the project will consist 
of the construction and maintenance of a berm and dune system that will tie into the 
existing dunes and vegetation line.  The 1250X plan is a beachfill plan with a 25-foot 
wide dune at elevation 12 feet National Geodetic Vertical Datum  (NGVD), fronted by a 
50-foot wide berm at elevation 7 feet NGVD.  The full beachfill cross section includes 
reach 4 and extends through reach 26 to the northern town boundary and is 23,200 feet.  
Transition sections on the north and south ends of the project include only the berm and 
no dune.  On the north end the transition section extends 2,000 into the town of Surf City.  
On the south end the transition section begins at the midpoint of reach 3 and extends 
1,000 feet to the midpoint of reach 2.  A typical profile is shown at Exhibit “A-2”.  The 
total project is approximately 26,200 feet or 5.0 miles in length.  Frequency of 
maintenance is estimated to be every four years.  The constructed berm, will serve two 
primary purposes: as a stockpile of sand on the beach to serve as sacrificial material to 
reduce the erosion of the high ground beach during storm events and to provide storm 
damage protection to beachfront structures by moving the point of erosion seaward, away 
from the structures.  
 

Six (6) offshore borrow areas (A,B,C,D,E and F) have been identified as sources of 
sand for the project.  They are shown in Figure A-2, Appendix A.  All sites are located 
beyond the -30 foot NGVD contour to approximately 5.5 miles offshore.  Borrow Area A 
is located approximately 1.5 miles southwest of New Topsail Inlet, and will be the sole 
source of sand for initial construction of the proposed project and the major source of 
sand for the project.  Sand from the other areas is limited and will only be used for 
periodic nourishment cycles. If offshore borrow sites are in the Outer Continental Shelf 
(OCS), a Memorandum of Agreement between the U. S. Army Corps of Engineers and 
Minerals Management Service (MMS) is necessary, and a noncompetitive lease between 
the sponsor and MMS must be negotiated. The OCS is a zone that generally extends from 
3 miles seaward of the coastal State boundaries out to 200 miles.  Any required 
permitting to borrow from sources within the OCS will be addressed during the National 
Environmental Policy Act (NEPA) and Environmental Impact Statement (EIS) process.        
 
 
 4.  REAL ESTATE ACQUISITION 
 

The requirements for lands, easements, rights-of-way and relocations, and 
disposal/borrow areas (LERRD’s) include the right to construct a dune and berm system 
along the shoreline of Topsail Beach. Privately owned properties included in the Project 
are considered to be in fee simple ownership.  Included within the project limits are 
single family residential units, multi family and condominium units, and a few 
commercial properties, including the Jolly Roger Fishing Pier. According to the project 
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maps, and on the ground examination, no structures are expected to be impacted by the 
project. Exhibit “A-3” shows a typical reach of the project where structures are present.  
Widths of lots vary within the project, but an average lot width is estimated to be 50 feet. 
The average distance from the landward toe of the existing dune to the existing Mean 
High Water (MHW) line is 60 feet.  Based on a ground examination, it appears that there 
will be no adverse impact to the upland portion of ownership. The only improvements 
noted in the proposed easement area are walkways, beach access crossovers and the 
fishing pier.  The Storm Damage Reduction Easement does allow owners to build and 
maintain walkover structures subject to sponsor approval.  Damage to the existing 
structures is not compensable and not creditable.   

 
 There are six (6) parcels in Topsail Beach, owned by the Town, that have been 

identified as being available for use as staging areas. These parcels are highlighted in 
yellow on Exhibit “A-4”. The parcels are oceanfront, vacant lots located at the south end 
of the project. The combined acreage of the subject parcels is approximately 1.14 acres. 
Final site selection will be determined based on needs of the contractor.  For planning 
purposes, an average cost of $29,000 was estimated as being a fair rental for staging/work 
area use for a period of 18 months to 2 years. The argument may be made that offsetting 
benefits may apply to these lots, thereby negating any credit for use of the land for 
staging/work area purposes.  However, the case is made that by placing a temporary work 
area easement over the parcel, we are gaining almost exclusive use of the property and 
restricting the Town’s use of the parcel for any purpose other than project related for the 
duration of the temporary work area easement, and believe that offsetting benefits does 
not apply in valuation of the staging area.       

 
 Additionally, it is estimated that 363 Perpetual Beach Storm Damage Reduction 

Easements will be acquired within the Topsail Beach portion of the project.  The project 
is designed to transition into Surf City.   The 2,000-foot transition will impact 34 parcels 
in Surf City making the total number of easements to be acquired 397. Although 34 of the 
parcels are outside the political boundary of Topsail Beach, NC law makes provision for 
towns to acquire and perform maintenance on real estate interests outside their 
boundaries for certain reasons. (North Carolina General Statutes (NCGS) 40A-3(b1) 
“Local Public Condemnors – Modified Provision for Certain Localities. – For the public 
use or benefit, the governing body of each municipality or county shall possess the power 
of eminent domain and may acquire by purchase, gift or condemnation any property or 
interest therein, either inside or outside its boundaries, for the following purposes. (10) 
Engaging in or participating with other governmental entities in acquiring, constructing, 
reconstructing, extending, or otherwise building or improving beach erosion control or 
flood and hurricane protection works, including but not limited to, the acquisition of any 
property that may be required as a source for beach renourishment.” ) As a point of 
interest, in October 2004, local governments of Topsail Island joined together to form the 
Topsail Island Shoreline Protection Commission.  The participants are the Towns of 
North Topsail Beach, Surf City, and Topsail Beach, and the Counties of Pender and 
Onslow.  The purpose of the Commission is to establish cooperation among the members 
to plan and implement programs and projects directed toward the preservation and 
maintenance of the ocean beaches.  The Topsail Island Shoreline Protection Commission 
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is noted in this report to show the strong desire of the members to work in unison to 
protect and preserve Topsail Island.  

 
 There are no easements for public water or power located within the proposed 

Project area.  The Town of Topsail Beach and the State of North Carolina have lands 
located within the project boundaries.  The Town interests include the ends of roads, 
maintained by the Town, which extend to the ocean, Coastal Area Management Act 
(CAMA) access points and beachfront properties maintained for public use. Ocean   The 
State of North Carolina lands include the ends of dedicated roads and lands located below 
the mean high water line.  An assumption is made that the town interests include all road 
ends within the project area, so street ends and public access points are not included in 
the estimated number of easements required for the project.  According to the tax maps 
and verbal information from the Town, there are approximately 14 street ends and 7 
public access points within the project limits that are considered to be town owned.  In 
the event that it is determined that a road end or public access should be privately owned, 
an easement would have to be obtained thus increasing the estimated number of 
easements.       

 
Access to the Project will be by public roads and rights of way.  There are sufficient 

access areas along the beach at the ends of public streets and at public access areas for 
contractors to move pipe and construction equipment onto the beach.  All staging and 
placement of pipe is expected to be within public areas or acquired easements.  Permits 
and/or consent agreements for sand removal from borrow areas will be from appropriate 
state and/or federal agencies.   

 
     There is one pier located within the study area, Jolly Roger Pier.  Historically, in prior 
projects in North and South Carolina, fishing piers and their associated buildings have 
never been acquired, regardless of their location in relation to project lines.  The primary 
reason is the significant economic impact that it would have on the community.  
Traditionally easements are acquired up to the face of the structures and beneath the pier.  
For purposes of this report, it is assumed that neither the pier nor appurtenances will be 
acquired.  No values have been estimated for these structures.   

 
Acquisition of lands under the proposed Perpetual Beach Storm Damage Reduction 

Easement will be along the existing dune system. In the absence of such a system, such as 
in areas of high erosion, the property has already been damaged by nature. No damages 
will likely result from the construction of the proposed dune and berm in conjunction 
with this project.  Improvements (other than the pier) within the project include walkover 
structures that allow beach access from private and public property.  It is noted in the 
easement that walkovers will be allowed, once the project is in place.  The owners will 
have to obtain the necessary approvals from the Town of Topsail Beach to construct an 
approved walkover upon completion of the project.   

 
Project maps were used to identify the number of easements that may be required to 

construct the project area.  After careful consideration a determination was made to count 
each parcel within the project limits as a potential easement acquisition. The project maps 
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show parcel lines based on subdivision plats.   In randomly pulling deeds on different tax 
parcels, it is noted that some deeds reference ownership based on reference to a lot and 
block number as shown on a recorded subdivision plat or an actual metes and bounds 
description and reference to a particular plat map.  They do not specifically state 
ownership to MHW of the Atlantic Ocean.  However, some parcels are indicated on the 
project maps or tax maps as having lot lines as shown by a subdivision line but the deed 
references ownership to MHW of the Atlantic Ocean.  Without searching title to each 
oceanfront parcel it cannot be determined who actually owns the property to MHW. In 
view of this, it seems prudent for planning purposes to assume that an easement may be 
needed from each property owner in the project.   Although this may inflate the real 
estate acquisition cost, there is the possibility that the actual cost may be lower, but 
should not exceed the projected cost.        

 
The North Carolina Coastal Area Management Act, enacted in 1974 and amended 1 

April 1987, designated sensitive environmental areas within its 20-county coastal 
jurisdiction as Areas of Environmental Concern (AEC).  Within an AEC, development 
must conform to specific regulations, which are designated to promote and protect 
environmental values as set out in CAMA and in the AEC development regulations.  
There are four categories of AECs: the estuarine system, the ocean hazard system, public 
water supplies, and natural and cultural resource areas.  All of the properties within the 
project boundaries will probably fall within the ocean hazard system AEC.  The most 
important requirement of this AEC is that no construction is permitted within 60 feet of 
the first line of stable natural vegetation.  The effect of the 60-foot CAMA (rear) setback 
coupled with the zoning setback for front yards has effectively rendered some lots 
undevelopable since the remaining buildable land is too small to permit construction of 
most structures. 

 
Local sponsors must meet requirements for public access every ½ mile within the 

project limits to participate in cost sharing with the Federal Government.  Topsail Beach 
does not currently meet this requirement.  The sponsor is working toward meeting this 
requirement and understands that they must provide additional access points prior to 
signing the Project Cooperation Agreement (PCA) to be eligible for full Federal cost 
sharing.  These areas should be acquired either in fee or perpetual easement.  Acquisition 
of public beach access points that are necessary for compliance in cost sharing is strictly 
a sponsor responsibility and is not considered a project cost.   Accordingly, any cost 
incurred with the acquisition of public access points is not considered a creditable 
expense towards project cost.    

 
 
 

5. UTILITY RELOCATION 
 

There will be no utility relocations 
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6. EXISTING PROJECTS 
 

A number of Federal navigation projects are located within this study area.  They are 
listed and briefly described in section 1.08 of the GRR. 

 
  

7. ENVIRONMENTAL IMPACTS 
 

See Appendix for Environmental Assessment 
 
 

8. PROJECT SPONSOR RESPONSIBILITES AND CAPABILITIES 
 

The Town of Topsail Beach will be the Project Sponsor (PS).  The PS has the 
responsibility to acquire all real estate interests required for the Project. The PS shall 
accomplish all alterations and relocations of facilities, structures and improvements 
determined by the government to be necessary for construction of the Project.  The 
sponsor currently does not have the staff required for a large number of acquisitions.  It is 
the intent of the sponsor to engage the services of a contractor to perform the easement 
acquisitions required for the project.  A presentation was made for the sponsor that 
discussed the real estate acquisition process and set forth   requirements for federal 
projects under P.L. 91-646.  

 
Title will not be vested in the United States Government.  Prior to advertisement of 

any construction contract, the PS shall furnish to the government an Authorization for 
Entry for Construction (Exhibit “B”) to all lands, easements and rights-of-way, as 
necessary.  The PS will also furnish to the government evidence supporting their legal 
authority to grant rights-of-way to such lands.  The Town has specific condemnation 
authority for beach erosion control.       

 
The PS shall comply with applicable provisions of the Uniform Relocation Assistance 

and Real Property Acquisition Policies Act of 1970, Public Law 91-646, approved 
2 January 1971, and amended by Title IV of the Surface Transportation Uniform 
Relocation Assistance Act of 1987, Public Law 100-17, effective 2 April 1989, in 
acquiring real estate interests for the Project, and inform all affected persons of applicable 
benefits, policies, and procedures in connection with said Act(s).  An Assessment of Non-
Federal Sponsor’s Real Estate Acquisition has been prepared for the sponsor (Exhibit C). 
 
      The non-Federal sponsor is entitled to receive credit against its share of project costs 
for the value of lands it provides and the value of the relocations that are required for the 
project.  Generally, for the purpose of determining the amount of credit to be afforded, 
the value of the LER is the fair market value of the real property interest, plus certain 
incidental costs of acquiring those interests, that the non-federal sponsor provided for the 
project as required by the Government.  In addition, the specific requirements relating to 
valuation and crediting contained in the executed PCA for a project must be reviewed and 
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applied. Fair market value for LER acquired by eminent domain proceedings shall be 
either the amount of the court award for the real property interests taken to the extent that 
the Government determined such interests are required for the construction, operation, 
and maintenance of the project or the amount of any stipulated settlement or portion 
thereof that the Government approves in writing.     

 
 

9.    GOVERNMENT OWNED PROPERTY 
 

There are no Government owned lands within the proposed project.  
 
 
10. HISTORICAL SIGNIFICANCE 

The area is rich in folklore which claims the name, Topsail, originated during the 
1700’s when pirate ships roamed the coastal waters.  Historians explain that marauding 
pirates hid their ships in the channel behind the island and waited for passing merchant 
ships loaded with goods.  The pirates would pursue and attack the merchants, claiming 
the cargoes as their own.  Eventually the merchants became aware of this infamous 
hiding place and began to watch for the tops of the pirates’ sails showing over the rolling 
dunes – hence the name Topsail Island.  In the 1940’s the island was a part of Operation 
Bumblebee, which was the beginning of the space program for the United States 
Government. Over 200 rocket launchings took place on the island between 1946 and 
1948.  Many of the original military structures are still standing today.    

 
 

11. MINERAL RIGHTS  
 
There are no known mineral activities within the scope of the proposed Project.  

 
 
12.  PUBLIC LAW 91-646, RELOCATION ASSISTANCE BENEFITS 

 
If the proposed dune and berm system is constructed, there will be no relocation of 

landowners. Based on project maps and ground examination, it appears that no structures 
will be impacted.   

 
 

13. ATTITUDE OF PROPERTY OWNERS 

The overall attitude of the property owners within the Project area has been favorable 
toward the proposed project.   
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14.  ACQUISITION SCHEDULE 
 
Provided that a contractor provides real estate services for the sponsor, the real estate 

acquisition will take approximately 18-24 months after completion of the survey.  
However, if the project sponsors decide to use their in house staffs to acquire real estate 
interests required for the project, it is projected that the acquisitions will take at least 36 
months.  This projection is made with the assumption that if in house employees should 
perform acquisition, they will be fully dedicated to the acquisition work. The sponsor 
intends to hire a private contractor to perform real estate acquisition. 

 
 

15.  ESTATES  FOR PROPOSED PROJECT 
 

Approval is requested to include the following exception to the otherwise standard 
easement estate: “ except the right to remove or demolish the existing fishing pier and 
appurtenances thereto;” (this would be used only for parcels with a pier if requested by 
landowner).  The language for the piers was approved for the Myrtle Beach project.  The 
Temporary Work Area Easement will be used for the staging areas. 

 
PERPETUAL BEACH STORM DAMAGE REDUCTION EASEMENT.  A 

perpetual and assignable easement and right-of-way in, on, over and across (the land 
described in Schedule A) (Tract No. __) for use by the (Sponsor), its representatives, 
agents, contractors, and assigns, to construct; preserve; patrol; operate; maintain; repair; 
rehabilitate; and replace; a public beach [a dune system] and other erosion control and 
storm damage reduction measures together with appurtenances thereto, including the 
right to deposit sand; to accomplish any alterations of contours on said land; to construct 
berms [and dunes]; to nourish and renourish periodically; to move, store and remove 
equipment and supplies; to erect and remove temporary structures; and to perform any 
other work necessary and incident to the construction, periodic renourishment and 
maintenance of the (Project Name), together with the right of  public use and access; [to 
plant vegetation on said dunes and berms; to erect, maintain and remove silt screens and 
sand fences; to facilitate preservation of dunes and vegetation through the limitation of 
access to dune areas;] to trim, cut, fell, and remove from said land all trees, underbrush, 
debris, obstructions, and any other vegetation, structures and obstacles within the limits 
of the easement (except *); [reserving, however, to the grantor(s), (his) (her) (its) (their) 
(heirs), successors and assigns, the right to construct dune overwalk structures in 
accordance with any applicable Federal, State or local laws or regulations, provided that 
such structures shall not violate the integrity of the dune in shape, dimension or function, 
and that prior approval of the plans and specifications for such structures is obtained from 
the (designated representative of the Project Sponsor) and provided further that such 
structures are subordinate to the construction, operation, maintenance, repair, 
rehabilitation and replacement of the project; and further] reserving to the grantor(s), 
(his) (her) (its) (their) (heirs), successors and assigns all such rights and privileges as may 
be used and enjoyed without interfering with or abridging the rights and easements 
hereby acquired; subject however to existing easements for public roads and highways, 
public utilities, railroads and pipelines. 
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* the right to remove or demolish the existing fishing pier and appurtenances thereto; 
 
 

Temporary Work Area Easement 
 
 A temporary easement and right-of-way in, over and across (the land described in 
Schedule A) (Tracts Nos. _____, _____, and _____), for a period not to exceed 
________, beginning with date possession of the land is granted to the United States, for 
use by the United States, its representatives, agents, and contractors as a (borrow area) 
(work area), including the right to (borrow and /or deposit fill, spoil and waste material 
thereon) (move, store and remove equipment and supplies, and erect and remove 
temporary structures on the land and to perform any other work necessary and incident to 
the construction of the ________________Project, together with the right to trim, cut, fell 
and remove therefrom all trees, underbrush, obstructions, and any other vegetation, 
structures, or obstacles within the limits of the right-of-way; reserving, however, to the 
landowners, their heirs and assigns, all such rights and privileges as may be used without 
interfering with or abridging the rights and easement hereby acquired; subject, however, 
to existing easements for public roads and highways, public utilities, railroads and 
pipelines.  
 
 
16.  REAL ESTATE ESTIMATE 

 
Due to off setting benefits, the Perpetual Beach Storm Damage Reduction Easements 

are determined to have a $0 value. As a matter of policy the Federal Rule of off setting 
benefits is applied in determining credit for storm damage reduction projects.  The North 
Carolina Court of Appeals in June 2000, held in NC Department of Transportation V. 
Rowe, (97-1470-2) that special project benefits may offset compensation due for a taking 
and that general project benefits may not offset compensation.  This interpretation of 
North Carolina general statutes is consistent with the Federal Rule.   

 
The estimated real estate costs include land and improvement values, damages, 

mineral rights, resettlement cost, and federal as well as non-federal administrative costs.  
The land costs that are listed are due to the projected costs for staging areas.  A 15% 
contingency is applied to the estimate.  A Code of Accounts is at Exhibit “D”. 
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                    Town of Topsail Beach - Estimate   
   
a.  Lands   
1 Ownership - Temporary Work Area Easement   $29,000  
(Staging Area)   
   
b.  Improvements   $-  
(Residential)      $-  
(Commercial)   $-  
   
c.  Mineral Rights   $-  
   
d.  Damages   $-  
   
e.  P.L. 91-646 Relocation costs   $-  
   
f.  Acquisition Cost - Admin (397 ownerships)   $1,191,000  
363   
Federal  $145,200   
Non-federal  $943,800   
  $1,089,000   
   
34 Easements within Surf City    
(Northern Transition Section)   
Federal  $13,600   
Non-federal  $88,400   
  $102,000   
   
Sub-Total   $1,220,000  
   
Contingencies  (15%)   $183,000  
   
TOTAL   $1,403,000  
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Exhibit A 
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       Exhibit A-1 
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                Exhibit A-2 
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        Exhibit A-3 
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          Exhibit A-4 
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AUTHORIZATION FOR ENTRY FOR CONSTRUCTION 

 
 I,  (name of accountable official)  ,  (title)    for   (name of non-
Federal sponsor)  , do hereby certify that the  (name of non-Federal sponsor)  has 
acquired the real property interests required by the Department of the Army, and 
otherwise is vested with sufficient title and interest in lands to support construction of   
(project name, specifically identified project features, etc.) .   Further, I hereby authorize 
the Department of the Army, its agents, employees and contractors, to enter upon    
(identify tracts)    to construct 
 (project name, specifically identified project features, etc.)   as set forth in the plans and 
specifications held in the U. S. Army Corps of Engineers’____________________ 
District Office, (city and state) 
 
 WITNESS my signature as  (title)    for      (name of non-Federal sponsor)        
this   day of    , 19  . 
 
 
      BY:  (name)     
            
        (title)     
          
 
 

ATTORNEY’S CERTIFICATE OF AUTHORITY 
 
 I,  (name)    ,  (title of legal officer)           for      (name    
non-Federal sponsor)           , certify that  (name of non-Federal sponsor)           has 
authority to grant Authorization for Entry;  that said Authorization for Entry is executed 
by the proper duly authorized officer; and that the Authorization for Entry is in sufficient 
form to grant the authorization therein stated. 
 
 WITNESS my signature as        (title)    for              (name  of non-Federal 
sponsor) , this   day of    , 20   .  
 
 
BY:  (name)      
   

  (title)       
   
 

 
 

 Exhibit B 



-- M - 17 -- 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

Draft General Reevaluation Report and Draft Environmental Impact Statement 

Assessment of Non-Federal Sponsor’s 
Real Estate Acquisition Capability 

 
I.  Legal Authority: 
 

a. Does the sponsor have legal authority to acquire and hold title to real property for 
project purposes?  Yes 

 
b.  Does the sponsor have the power to eminent domain for this project? Yes- 

 Condemnation Authority is granted by legislation with specific provision 
 For improving beach erosion control or flood and hurricane protection 
 works. 
 

c.  Does the sponsor have “quick-take” authority for this project?  Yes 
 

d. Are any of the land/interests in the land required for this project located outside 
the sponsor’s political boundary? Yes – 34 parcels are within Surf City limits 

 NCGS provides that the Town acquire RE interest inside or outside its 
 political boundary for beach renourishment   
 

e. Are any of the lands/interests in land required for the project owned by an entity 
 whose property the sponsor cannot condemn?  No 

 
II.  Human Resource Requirements: 
 

a. Will the sponsor’s in-house staff require training to become familiar with the real 
estate requirements of Federal projects including P. L. 91-646, as amended?  N/A 
Sponsor plans to obtain contractor services to perform real estate acquisition 
 

b. If the answer to II.a. is “yes”, has a reasonable plan been developed to provide      
such training?  N/A sab. 

 
c. Does the sponsor’s in-house staff have sufficient real estate acquisition experience 

to meet its responsibilities for the project?  No  
 

d. Is the sponsor’s projected in-house staffing level sufficient considering its other  
work load, if any, and the project schedule? No 

 
e.  Can the sponsor obtain contractor support, if required in a timely fashion?  Yes 

   
f. Will the sponsor likely request USACE assistance in acquiring real estate?  No  

 
 
 

Exhibit C, First Page 
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III.  Other Project Variables: 
 

a. Will the sponsor’s staff be located within reasonable proximity to the project site? 
Yes 

b. Has the sponsor approved the project/real estate schedule/milestones? No – Real  
Estate Schedule and Milestone will be developed upon project approval as a 
joint effort among RE, project manager and sponsor. 

 
IV.  Overall Assessment:   
 

a. Has the sponsor performed satisfactory on other USACE projects? N/A 
 

b. With regard to the project, the sponsor is anticipated to be: Moderately Capable  
 

V.  Coordination: 
 

a.  Has this assessment been coordinated with the sponsor?  Yes 
 

b.  Does the sponsor concur with this assessment?  Yes 
 
  

 

 
 
 
 

Exhibit C, Second Page 
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Town of Topsail Beach – Code of Accounts 

  FEDERAL 
NON- 

FEDERAL TOTALS 
01A PROJECT PLANNING    
 Project Cooperation Agreement  $   $   $  
01AX Contingencies (25%)  $   $   $  
 Subtotal  $   $   $  
     
01B LANDS AND DAMAGES    
01B40 Acq/Review of PS  $   158,800   $   $     158,800  
01B20 Acquisition by PS  $   $      1,032,200   $  1,032,200  
01BX Contingencies (15%)  $     23,820   $         154,830   $     178,650  
 Subtotal  $   182,620   $      1,187,030   $  1,369,650  
     
01H AUDIT    
01H10 Real Estate Audit  $   $   $  
01HX Contingencies (15%)  $   $   $  
 Subtotal  $   $   $  
     
01R REAL ESTATE LAND PAYMENTS   
01R1B Land Payments by PS  $   $           29,000   $       29,000  
01R2B PL91-646 Relocation Pymt by PS  $   $                     -     $                  -   
01R2D Review of PS  $   $   $  
01RX Contingencies (15%)  $   $             4,350   $         4,350  
 Subtotal  $   $           33,350   $       33,350  
     
 TOTALS  $   182,620   $      1,220,380   $  1,403,000  

 
 
 

Exhibit D 
 
 
 



 
 
 
 

General Reevaluation Report 
and 

Environmental Impact Statement 
 

on 
 

Hurricane Protection and Beach Erosion Control 
 
 
 

WEST ONSLOW BEACH AND NEW RIVER INLET 
(TOPSAIL BEACH), NORTH CAROLINA 

 
 
 

Appendix N 
 

Project Costs 
 
 
 



-- N -1 -- 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

Draft General Reevaluation Report and Draft Environmental Impact Statement 

Appendix N:  Cost Engineering 
 
1.  Cost Estimates were prepared under guidance given in the Corps of 
Engineers Regulation ER 1110-2-1302, CIVIL WORKS COST ENGINEERING 
and Engineering Instructions, EI 01D010, CONSTRUCTION COST ESTIMATES. 
 
The National Economic Development (NED) Plan estimate having the greatest 
net benefits is shown as well as the Locally Preferred Plan (LPP) estimate. 
 
2.a.  The NED TOTAL CURRENT WORKING ESTIMATE (CWE) for Initial 
Construction nourishment is $29,264,000 and subsequent Periodic Nourishments 
is $6,411,000 for each renourishment.  This is also referred to as the 1550 plan 
referring to a dune elevation height of 15-ft and a berm width of 50-feet.   
 

b. The LPP TOTAL CURRENT WORKING ESTIMATE (CWE) for Initial  
Construction is $22,218,000.  Subsequent Periodic Nourishments are the same 
as shown above in the NED narrative.  This is also referred to as the 1250x plan 
referring to a dune elevation height of 12-ft and a berm width of 50-feet.     
 
These costs have been established to be the Baseline Cost Estimate for October 
2004 price levels.   
 
3.  The CWE’s are shown in the attached MCACES (Microcomputer Aided Cost 
Engineering System) summary sheets.  The summary sheets are formatted into 
a  Code of Accounts framework for reporting.  The costs included under each 
Code of Accounts are described below. 
 
4. CODE OF ACCOUNTS 
 
CODE OF ACCOUNT 01 – LANDS AND DAMAGES:  The estimated cost was 
furnished by the Real Estate Division, Savannah District, and is discussed in the 
Real Estate Appendix. 
 
CODE OF ACCOUNT 17 – BEACH REPLENISHMENT:  This account includes 
the costs for mobilization and demobilization, dredging, beach fill shaping, beach 
tilling, dune vegetation, and dune walkover structures.  
 
Initially, emphasis was placed on accuracy of dredging costs during evaluation of 
alternative plans to develop the NED Plan.  The location and features of borrow 
areas in relation to the project, as well as historical production of dredges for 
similar projects, were used in conjunction with the Corps of Engineers Dredge 
Estimating Program (CEDEP) to determine costs and construction time periods. 
 
CEDEP considers details of borrow area characteristics, depth of borrow, 
effective production time, distances from borrow sites, costs of dredge plant 
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ownership, operating and repair, fuel consumption, and other economic 
adjustments for labor and equipment.   
 
 a. For Initial Construction it was determined that Borrow Area A would be 
most suitable for a pipeline dredge to place sand on the beach.  Therefore, 
mobilization, demobilization of dredge equipment, pipe and beach fill equipment, 
as well as, dredging and beach fill average unit costs are based on a pipeline 
dredge with placement beginning in Reach 2 which is approximately 3 miles on 
average from Borrow Area A.  The midpoint of the beach fill is between REACH 
14 and 15, which is another 2 miles.  Therefore the average pumping distance 
from Borrow Area A to REACH 14 and 15 is approximately 5-miles.  The unit 
price of $4.90 per cubic yard represents the average pumping distance.  The 
longest pumping distance from Borrow Area A is approximately 7-miles.  This will 
be the same for the NED and LPP cost estimates. 
 
NED PLAN - The initial construction time for placement of 4,621,000 cubic yards 
is estimated to take approximately 5 months in addition to mobilization and set up 
pipe on the beach. Mobilization is typically estimated at approximately 30 days 
prior to beginning initial placement and 30 days demobilization of pipe and 
equipment off the beach, as well as beach tilling.  The construction time should 
be able to be completed within the environmental windows from November 
through April.  
 
Locally Preferred Plan – LPP - The initial construction time for placement of 
3,223,000 cubic yards is estimated to take just over 3.5 months in addition to 
mobilization and set up pipe on the beach.  
 
The cubic yard (cy) quantities represent the amount of borrow material needed 
which accounts for overfill ratios and losses during placement on the beach.  
 
b. For Periodic Nourishments it was determined that a hopper dredge with 
pumpout would be the most suitable method to place sand on the beach.  This 
was based on the borrow area depths and proximity to the beach.  A pumpout 
station located approximately 2,500 to 3,000 feet offshore was assumed.  The 
average travel distance from borrow areas to the pumpout is approximately 4.5 
miles.  Once the pumpout pipe reaches shore, it was estimated placement would 
be 3,000 feet in each direction from a tee valve on shore.  The unit price of $5.50 
per cubic yard represents the average pumping costs using all borrow areas 
throughout the life of the project. 
 
The periodic nourishment construction time for placement of 866,000 cubic yards 
is estimated to take approximately 60 days in addition to mobilization and set up 
of pipe/pumpout locations on the beach.  Mobilization would be another 30 days  
and 30 days for demobilization.  The construction time would be able to be 
completed within the environmental windows for hopper dredges from January 
through March. 
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Beach fill consists of shaping the dredged material to the required cross section, 
dune and berm, while simultaneously pumping material onto the beach.  Beach 
fill shaping costs are included as part of the hopper dredging unit price. 
 
The costs for Beach Tilling were based on historical costs for similar projects.  
The costs for Dune Vegetation were based on historical pricing and discussions 
with North Carolina extension services.  The price for Dune Walkover Structures 
was based on detailed cost estimates used for similar structures and historical 
costs on similar projects.   
 
A contingency was included to represent unanticipated conditions or 
uncertainties not known at the time the estimate was developed.  There is a 
better than average level of confidence in the dredge pricing, because of the 
detailed geotechnical investigations of borrow areas, similarities of other beach 
nourishment projects, and the historical costs for similar projects.  A contingency 
of 10% was included for ACCOUNT 17.   
 
CODE OF ACCOUNT 30 – PLANNING, ENGINEERING AND DESIGN:  The 
costs included in this account were furnished by those responsible for performing 
each activity.  This account includes plans and specifications, field investigations 
and surveys, cost estimates, engineering during construction, and project 
management.  A 20% contingency was assigned to this account. 
 
CODE OF ACCOUNT 31 – CONSTRUCTION MANAGEMENT – This account 
includes supervision and administration of the contracts by construction 
management, hydrologic surveys during construction, contracting personnel and 
project management during construction.  A 20% contingency was assigned to 
this account. 
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Recreation Analysis 
 

1.0  INTRODUCTION 
 

In December of 2002 the Wilmington District United States Army Corps of 
Engineers (USACE) contracted with the University of North Carolina at 
Wilmington (UNCW) to collect data and develop methodologies for an in-depth 
and multi-faceted study of the recreation demand and benefits of visitors to four 
barrier islands on the North Carolina Coast: Bogue Banks, Topsail Island, Oak 
Island, and Holden Beach.  The scope of work for the UNCW contract is 
contained in Attachment A. 
 
Planning and Guidance (P&G) describes recreation benefits as incidental 
benefits of the National Economic Development Account.  ER 1105-2-100 states 
specifically that shore protection projects are formulated exclusively for hurricane 
and storm damage reduction and that recreation is an incidental benefit.  
Recreation benefits can be included in the benefit/cost ratio for a project.  
However, the benefits cannot exceed 50% of the benefits needed for project 
justification.  Therefore, when calculating net benefits for a storm damage 
reduction project, recreation benefits are added into the net benefits after the 
storm damage reduction benefits have been estimated from coastal and 
economic models and a plan has been selected. 
 
The focus of this collaborative study effort was on day trip visitors who utilize 
public access and parking facilities.  This study employed multiple methodologies 
that incorporated: 
 

• An on site field survey administered during the summer vacation season 
of 2003 

• A telephone survey of residents living in eastern North Carolina within a 
120 mile radius of each beach community incorporated into the survey 
instrument in the spring of 2004 (Office of Management and Budget 
approved, control number 0710-0001, Attachment 2) 

• A focus group session with each municipality and representatives from its 
major business organizations 

• A secondary data literature search, and aerial photography and parking 
counts of the project area on the days that the on site surveys were 
conducted.   

 
This study focused on four projects.  These are:  

• West Onslow Beach and New River Inlet GRR study 
• Surf City/North Topsail Beach feasibility study 
• Bogue Banks feasibility study 
• Brunswick County Beaches feasibility study 
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The non-Federal sponsors for the four projects are, respectively, the town of 
Topsail Beach; the town of Surf City and the town of North Topsail Beach; 
Atlantic Beach, the town of Indian Beach, the town of Pine Knoll Shores, the town 
of Salter Path, the town of Emerald Isle, and Carteret County; and the town of 
Caswell Beach, the town of Oak Island, and the town of Holden Beach. 
 
A telephone survey instrument was used to gather comparative data for New 
Hanover County Beaches including Wrightsville Beach, Carolina Beach, Kure 
Beach, Masonboro Island, and Fort Fisher State Park; the remaining Brunswick 
County beaches including Ocean Isle and Sunset Beach, and the Fort Macon 
State Park at Bogue Banks. 
 
This appendix will provide a detailed analysis of the data collected from the on-
site survey, telephone survey, parking counts, and aerial photography.  This 
analysis and the data output will be used to determine the peak recreation 
demand for each beach community under study in the without project condition, 
the latent and expected future demand in the with project condition, and the 
recreational benefits of the with and without project conditions.  The recreational 
benefits will be estimated using the travel cost method (TCM) and the contingent 
valuation method (CVM).  The analysis will address the following questions: 
  

• What is an individual beach recreationist’s willingness to pay (WTP) per 
day trip for each of the beaches in our study region? 

• How would the number of beach trips made by an individual beach 
recreationist to each of the beaches change with a change in beach 
width? 

• How would WTP for an individual beach recreationist change with a 
change in beach width?   

• What would be the change in present discounted value in aggregate WTP 
across all recreationists visiting a particular beach should a change occur 
in beach width?  For example, what would be the increase in recreation 
value (i.e., aggregate WTP) associated with a 50’ increase in beach width 
at Topsail Beach? 

 
 
2.0  METHODOLOGY 
 
A multi-method approach was used to examine this study research questions.  
The primary methods included on-site and telephone surveys and econometric 
analyses to examine data within the framework of TCM and CVM.  Historically, 
Wilmington District has used the unit day value (UDV) method to determine 
recreation benefits for Hurricane and Storm Damage Reduction projects.  The 
UDV method for estimating recreation benefits relies on expert or informed 
opinion and judgment to approximate the average willingness to pay of users of a 
particular project.  However, given sufficient data, the UDV can be replaced with 
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the TCM and the CVM estimates to provide a more valid and reliable monetary 
value of the recreation benefits for each project under feasibility study.   
 
Questions on both the on-site survey and the telephone survey were specifically 
designed to generate data necessary to employ the TCM and the CVM.  To 
proceed with the analysis issues common with survey data - data quality and 
missing data - were addressed.  Data reliability is often of primary concern for 
any investigator dealing with survey data.  Basic analysis methods for survey 
data require first and foremost cleaning up the data, filtering out unreliable 
answers from respondents whose answers lie distant from the most conceivable 
results.  LIMDEP (2002)i, a statistical software having specialized features for the 
statistical analysis of complex survey data, was used to analyze the survey data.  
The analysis was accomplished by fitting nonlinear econometric models to 
observed data.  See Attachment 3 (Project Methodology) and Attachment 4 
(National Economic Development Benefits Draft Final Report) for a full 
discussion of the econometric models employed in this analysis.  These 
econometric models differ from standard regression models in that they can be 
adapted to handle the unique characteristics of survey data.  In addition, the 
econometric models are developed to estimate economic values of interest, such 
as a beach recreationist’s willingness to pay, or the amount of money the 
recreationist would be willing to spend for a day of beach recreation.  Attachment 
3 outlines UNCW’s approach to data collection and recommendations for 
estimating WTP, visitation, and parking needs using the econometric models.   
 
One objective of this study was to estimate peak and latent demand of the 
beaches under study.  Latent or potential demand is the number of individuals 
who would come to the beach if conditions were more conducive for recreation.  
This demand is modeled from the stated preference of the respondent versus 
their revealed preference.  The recommended methodology and data collected 
from the surveys were used to develop a model to estimate the number of trips 
taken to each beach in 2003 and the additional trips that the respondent would 
take if the width of the beach were increased.  The model was also used to 
predict a decrease in trips with a decrease in beach width caused by erosion of 
the beach. 
 
The 2003 beach width was used as a baseline for this study.  The without project 
condition assumes that the baseline condition remains constant over an 
equivalent period of time to the expected life of the selected alternative for a 
hurricane and storm damage reduction project.  The average annual benefits 
were calculated for a 50 feet decrease in beach width to capture the effects of 
erosion on recreation.  Long term erosion and hurricane impacts were evaluated 
separately from the recreation analysis using coastal storm damage models. 
 
Data collected from the aerial photography counts, parking counts and 
demographic data was also used in this model.  Table O-1 presents the 
demographic information of North Carolina and the sampling area. 
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Table O-1.  2003 Demographic Information 

*All variables are in 2003 values except those notated with asterisks and described below      
(http://www.nist.gov/itl/div898/strd/). 
  
North Carolina Demographics Age from July 2004 from NC State Demographics website. 
North Carolina Demographics Sex and Race are from the 2000 US Census. 
North Carolina Demographics Household Income was inflated to 2003 value from 1999 value 
from the 2000 US Census. 
 
Telephone Sampling Area Demographics Sex and Race are from the 2000 US Census. 
Telephone Sampling Area Demographics Household Income was inflated to 2003 value from 
1999 value from the 2000 US Census. 
 
 
3.0  ESTIMATING AVERAGE ANNUAL BENEFITS 
 
The following sections of this appendix will detail the steps that were taken to 
derive average annual benefits (AAB) for West Onslow Beach and the other 
beaches included in the surveys.  Willingness to pay for beach enhancement will 
be used to calculate AAB.  It is hypothesized that changes in beach 
characteristics such as beach width will lead to an increase/decrease in the 
expected number of day user trips per household per year.  Changes in the 
expected number of day user trips per household per year due to changes in 
beach characteristics can be found by calculating the difference between the 
expected number of trips per household under baseline conditions and the 
expected number of trips per household under alternative beach conditions.  
Since recreationists’ responses to changes in beach enhancement cannot be 
observed from market data, we use the contingent valuation method to estimate 
the WTP.  The next section is devoted to the treatment of missing data for the 
on-site survey.  

Variable Demographic 
Areas 

On Site Survey Models Telephone Survey 
Models 

Name North 
Carolina 

Phone 
Sampling 

WTP 
Simple 

WTP 
Clogit 

Analysis 
1 

Analysis 
2 

Mean Age 36* 37 
Respondents over 
18 years old 42 42 

Mean 
Household 
Income $42,536* $36,072* $54,255 $68,081 $58,833 $59,153 
Sex 
  Female 
  Male 

51% 
49%* 

51% 
49%* 

54% 
46%  

57% 
43% 

63%  
37% 

62% 
38% 

Race 
  White 
  Minority 

72% 
28%* 

64% 
36%* Not used in model 

81% 
19% 

82% 
18% 

Population / 
Observations 8,421,050 3,891,199 571 2,131 15 3,424 



-- O - 5- - 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

Draft General Reevaluation Report andDraft Environmental Impact Statement 

3.1  On-Site Survey (OSS), Predicting Missing Income  
  
Some survey respondents did not provide information on household income.  
However, they completed the remaining survey questions.  Obtaining estimates 
of missing income allows the information from as many survey respondents as 
possible to be included in the analysis.  We developed an ordered probit model 
(LIMDEP 2002, pp. E18-1 to E18-11) to predict income category for respondents 
to the on site survey who either refused to answer the household income 
question, answered ‘don’t know,’ or in cases where the income data was missing.  
Ordered probit regression methodology is used because the dependent variable, 
INCOME, is an ordered categorical variable rather than a continuous variable, as 
assumed in standard regression analysis.  The income data are ordered 
categorical data because survey respondents reported household income by 
income category ($0-$14,999, $15,000-$29,999, $30,000-49,999, etc.).  The 
recommended methodology for analyzing the data is contained in Attachment 4.   
 
The ordered probit model predicts income category based on characteristics of 
the surveyed beach visitors.  If the incomes of beach visitors differ from the 
average incomes of individuals within a particular zip code, the model predicts 
income estimates that are more accurate than estimates based on average 
income by zip code.  Income predictions were obtained by regressing the 
dependent variable INCOME on the following explanatory variables: TYPE 2, a 
dummy variable indicating that the survey respondent was a day user; TYPE 3, a 
dummy variable indicating that the survey respondent was an overnight visitor to 
the beach; MILES, the reported distance from the respondent’s home to the 
beach; EXPENSE)ii[ii], total expenses per individual for this beach trip; and 
GENDER, male = “1”, female = “0”.  The dummy variable indicating whether the 
survey respondent was a beach resident, TYPE1, was omitted from the analysis 
to avoid a dummy variable trap.  Thus, the regression intercept represents beach 
residents, and TYPE2 and TYPE3 dummy variables measure differences 
between day users and overnight visitors, respectively, relative to beach 
residents.  Demographic information on age and race were not collected in the 
on site survey..  Therefore, these variables were not included in the ordered 
probit model.  Table O-2 lists the general descriptive statistics of the variables 
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Table O-2:  On-Site Survey, Ordered Probit Model, Descriptive Statistics 

 Variable Mean Std.Dev. Skewness Kurtosis Min. Max. 
Num 
Cases 

INCOME 2.94669 1.50166 -0.16071 2.01657 0 5 2495 
TYPE2 0.210421 0.407689 1.42059 3.01767 0 1 2495 
TYPE3 0.725852 0.446174 -1.01239 2.02454 0 1 2495 
MILES 117.661 279.221 11.9428 275.909 0 8000 2495 
EXPENSE 353.771 880.61 16.8997 521.968 0 30000 2495 
GENDER 0.46493 0.498869 0.140599 1.01937 0 1 2495 

  
The issue of multicolinearity between the predictor variables was a concern in 
this analysis.  While it seems intuitive that more miles traveled or more trips 
taken would lead to higher cost or expenses, this does not seem to be the case 
in this data.  A correlation analysis revealed a linear correlation coefficient of 
0.12896 between miles and expense, indicating a weak association of the 
observed data for the two variables.   
 
3.2 Results of the Ordered Probit Model 
 
Estimated coefficients for the explanatory variables as well as log-likelihoods and 
chi squared statistics are reported in Table O-3.  
 
Table O-3.  Ordered Probit Regression Results 

Variable Coeff. Std.Err. t-ratio P-value 
Variable 
Mean 

Index function parameters 
Constant 1.646196*** 8.60E-02 19.132 2.89E-15 1 
TYPE2 -0.55937*** 9.46E-02 -5.913 2.16E-12 0.210421 
TYPE3 3.25E-03 8.75E-02 0.037 0.9704 0.725852 
MILES 2.84E-05 7.64E-05 0.371 0.7105 117.6615 
EXPENSE 2.26E-04*** 3.64E-05 6.207 0 353.7715 
GENDER 0.152647*** 4.21E-02 3.629 0.0003 0.46493 
Threshold parameters for index 
µ1 0.766593 2.62E-02 29.253 2.89E-15 ----- 
µ2 1.408244 2.52E-02 55.959 2.89E-15 ----- 
µ3 2.020914 2.57E-02 78.73 2.89E-15 ----- 
µ4 2.51183 2.95E-02 85.08 2.89E-15 ----- 

Notes:  ***,**, and * refer to significance at the 1%, 5%, and 10% levels, respectively. The chi-square and overall 

likelihood ratio statistics are 15.09 and 189.14, respectively.  Number of observations =2495.  Dependent variable: 

INCOME.  In LIMDEP, µ0 is normalized to zero.   
 

 

With the exception of TYPE 3 and MILES, all parameters are strongly significant 
with the expected signs.  The likelihood ratio test indicates that the overall model 
is significant at the α = 0.99 level of significance.  The regression results indicate 
that a day user, TYPE 2, has a negative, statistically significant effect on income 
category, while EXPENSE has a positive, statistically significant effect on 
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income, suggesting that those responding as day users typically fall in a lower 
income category than overnight and resident users.  GENDER has a positive, 
significant effect on income, indicating that male survey respondents, on 
average, have higher income categories than female respondents.  As 
mentioned earlier, both MILES and TYPE3 (overnight visitation) were statistically 
insignificant.  Therefore, travel distance had no influence on the overnight user’s 
decision to go to the beach.  The estimated coefficient on MILES indicates that 
distance from the beach, when separated from the effect of distance on trip 
EXPENSE, does not contribute to predicting income category.  On the other 
hand, the coefficient on TYPE3 indicates that the income categories of overnight 
visitors are similar to those of beach residents. 
 
When calculating predicted incomes, dummy variable TYPE2 is set to the value 
“1,” and dummy variable TYPE3 is set to the value “0,” to reflect the incomes of 
day users.  Income predictions were made for 1277 observations out of an initial 
4780 observations in the data set. 
 
3.3  OSS - Estimating Average Willingness to Pay Using CVM 
 
The first step in developing average annual benefits (AAB) was to determine a 
person’s willingness to pay (WTP) for a visit to the beach, and how certain 
factors would increase or decrease the likelihood that they would pay more or 
less to visit a certain beach.  A binomial probit regression model (Haab and 
McConnell 2002, Chapter 2) was used to estimate the average day-user’s net 
willingness to pay (WTP) for beach recreation for each project beach.  Only those 
survey respondents who indicated that they were day users were included in this 
analysis.  Binomial probit regression models are often used to describe the effect 
of one or more explanatory variables on a binary response variable.  In this 
situation the binary dependent variable is a “yes/no” or “1/0” rather than a 
continuous variable.  The dependent variable for this model is a “yes=1 and 
no=0”, survey variable Q15.  Question 15 asks whether or not the user would be 
willing to pay a specified dollar amount ($5, $10, $15, $25, $50, or $75, 
depending on the survey version), more than he or she is currently paying to 
access the beach. 
 
The independent variables used in the binomial probit model attempted to 
explain the respondent’s “yes/no” response to the willingness to pay question.  
The independent variables used in the regression analysis include: BID amount 
($5, $10, $15, $25, $50, or $75, depending on the survey version); GENDER, a 
categorical variable (M=1, F=0); ALTACT, a categorical variable describing the 
recreation’s alternative activity; MILES traveled to the beach;  PARTYSZ , the 
number of people in the recreation’s party; BWIDTH, the width of the beach in 
feet; PKPERMIL, the number of parking spaces per mile of beach length; RAIN, 
a dummy variable for rain; and HOLIDAY, a dummy variable to indicate whether 
the day was a holiday.  ALTACT=’1’ indicated that the recreationist had an 
alternative activity (survey question Q17=2,3, or 4), and ALTACT=’0’ if the 
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recreationist indicated that he or she did not have an alternative activity (i.e., the 
recreationist would stay home, survey question Q17=1).  RAIN=’1’ would be a 
response to whether there was ’light rain’ or ‘heavy rain’, and RAIN=’0’ otherwise.  
HOLIDAY=’1’ would be a response to whether the date of the survey was 
conducted on the 4th of July or Labor Day weekends, and HOLIDAY=’0’ 
otherwise.iii[iii] 
 
Independent variables with missing observations were dropped from the data set.  
In all 571 observations were used in the binomial probit regression analysis.  
Descriptive statistics for the regression variables are presented in Table O-5. 
 
Table O-5.  Descriptive Statistics for Binomial Probit Regression Model Variables 
Descriptive Statistics 
Variable Mean Std.Dev. Min. Max. Observations 
DEPENDENT 
VARIABLE 0.33275 0.471611 0 1 571 
BID 27.1366 24.43191 5 75 571 
GENDER 0.457093 0.498592 0 1 571 
ALTACT 0.742557 0.437609 0 1 571 
MILES 69.62263 146.5457 2.00E-02 3000 571 
PARTYSZ 3.569177 3.224908 1 60 571 
BWIDTH 106.6392 21.88758 80 135 571 
PKPERMIL 74.23218 36.01124 29.41176 135.102 571 
RAIN 0.161121 0.367965 0 1 571 
HOLIDAY 0.478109 0.499959 0 1 571 

 
Table O-6 gives the coefficients and standard errors of the binomial probit 
regression.  The likelihood ratio test of the hypothesis that the restricted and 
unrestricted models are the same is rejected at the 1 % level of significance.  
 
Table O-6.  Estimation Results for Probit Model 

Index function parameters 
Variable Coeff. Std.Err. t-ratio P-value Mean 
Constant  -1.28048*** 0.350445 -3.654 0.0003 1 
BID  2.99E-02*** 2.56E-03 11.66 0 27.1366 
GENDER  -0.25633** 0.12309 -2.082 0.0373 0.457093 
ALTACT  -7.08E-02 0.140267 -0.505 0.6136 0.742557 
MILES  -2.65E-04 3.33E-04 -0.795 0.4267 69.62263 
PARTYSZ  -6.65E-02** 3.02E-02 -2.206 0.0274 3.569177 
BWIDTH 7.68E-04 3.12E-03 0.247 0.8053 106.6392 
PKPERMIL  3.07E-03* 1.78E-03 1.724 0.0847 74.23218 
RAIN  8.33E-02 0.193155 0.431 0.6663 0.161121 
HOLIDAY 0.101767 0.137109 0.742 0.4579 0.478109 

Notes:  ***,**, and * refer to significance at the 1%, 5%, and 10% levels, respectively. The chi-square and overall 

likelihood ratio statistics are 21.67 and 164.04, respectively.  Number of observations =699.  Dependent variable: 

YES=1/NO=0 Binomial variable.   
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Observe that the coefficient on BID is statistically significant at the 1% level of 
significance.  The estimated coefficient on BID is highly significant and has the 
expected sign.  The coefficients on GENDER and PARTYSZ are statistically 
significant at the 5% level, while the coefficient on PKPERMIL is significant at the 
10% level.  For all model variables except BID, positive coefficients estimates 
indicate that higher variable values increase the likelihood that respondent would 
answer, “yes” to the WTP.  Hence, being male decreases mean WTP, larger 
party sizes decrease WTP, and a larger number of parking spaces per mile of 
beach length marginally increase WTP.  In the binomial probit model 
specification, a positive BID coefficient estimate suggest that higher BID amounts 
decrease the likelihood that respondents will answer “yes” to the willingness to 
pay question.  Its effect on respondent’s choices generally agrees with a priori 
expectations.  For the purpose of estimating mean net WTP, BID is the key 
variable.  .   
 
Mean WTP per day trip in the binomial probit model is given by (see Haab and 
McConnell 2002, Chapter 2): 
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Where the estimated β coefficients are given in Table O-6 and the variable 
values are either mean values across all beaches (see Mean column in 
regression results Table O-6) or mean value by beach, depending on whether 
one desires a mean WTP estimate across all beaches or WTP estimates for 
each beach.   
 
Mean values across all beaches were used for GENDER, ALTACT, PARTYSZ, 
RAIN, and HOLIDAY.  Beach-specific mean values were used for MILES, 
BWIDTH, and PKPERMIL.  Estimates of mean WTP per day trip and associated 
95% confidence intervals by beach are presented in Table O-7. 
  



-- O - 10- - 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

Draft General Reevaluation Report andDraft Environmental Impact Statement 

 
Table O-7.  Estimates of Average (Mean) WTP per Day Trip by Beach (2003 
$’s)) 

 
Beach 

Mean WTP 
Per Day 
Trip 

95% 
Confidence intervals 

Atlantic Beach $38.05 $29.44 - $46.65 
Caswell Beach $48.82 $41.14 - $56.50 
Emerald Isle $46.71 $38.45 - $54.97 
Indian Beach $47.98 $41.64 - $54.32 
Holden Beach $49.71 $42.33 - $57.09 
North Topsail Beach $42.88 $34.94 - $50.82 
Oak Island Beach $40.45 $34.31 - $46.59 
Pine Knoll Shores $47.82 $41.26 - $54.38 
Salter Path $47.67 $41.43 - $53.91 
Surf City Beach $47.23 $41.17 - $53.29 
Topsail Beach $46.17 $40.85 - $51.49 

The WTP estimates for each particular beach in Table O-7 represent the amount 
of money that the average beach visitor, surveyed on that particular beach would 
be willing to pay per day trip to visit that particular beach.  However, each value 
gives the total of two components: the value of visiting any beach in the study 
region and the additional value of visiting the particular beach on which the 
individual was surveyed.  The additional value of visiting a particular beach will 
be addressed in estimating WTP for site access using TCM. 
 
3.4  OSS - Estimating WTP for Site Access Using (TCM) 
 
The binomial probit regression WTP estimates presented in the preceding 
section measure the value of beach day trips in the study region to beach 
recreationists.  This section develops two additional measures of beach value 
using a conditional logit regression model (Haab and McConnell 2002, Chapter 
8).  The conditional logit regression model allows estimation of “site access” 
values and the value of changes in beach characteristics, such as beach width.  
WTP for site access is the incremental value of having access to a particular 
beach when other substitute beaches are available.  Assuming that the substitute 
beaches are not perfect substitutes for the beach in question (due to differences 
across beaches in location and other beach characteristics) WTP for site access 
is positive.  Alternatively, WTP for site access measures the loss in value 
associated with losing access to a beach, given that other (imperfect) substitute 
beaches are available.   
 
In developing the conditional logit model we make three assumptions: (1) the 
proportion of all trips in the survey sample made to a particular beach is the 
same as the proportion of all trips made to that beach by the targeted population 
of beach visitors, (2) the ‘independence of irrelevant alternatives’ assumption 
holds, and (3) the indirect utility function is linear in its arguments (Haab and 
McConnell, 2002).   
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The conditional logit model attempts to explain the proportions of beach visitors 
in a survey sample visiting each beach as a function of beach characteristics 
such as beach length, beach width, the number of parking spaces at each beach, 
the weather forecast for each beach, and more importantly, the cost of traveling 
to each beach known as the ‘access price.’  WTP for site access may be 
estimated based on the estimated proportions.  Because travel cost (access 
price) is used to predict beach choice, this model is a type of “travel cost model” 
(TCM).   
 
The dependent variable for the conditional logit model is a dummy variable, 
BEACH.  For each survey respondent, BEACH=1 if the respondent was 
interviewed on that beach and BEACH=0 otherwise. The conditional logit 
regression procedure in LIMDEP was used to create ten additional observations 
for each observation in the original dataset, one observation for each of the ten 
beaches not visited by the survey respondent on the date of the survey.  
Ultimately, the conditional logit model utilizes eleven observations for each 
survey respondent, the original observation containing BEACH=1 and the original 
data for all other variables, and ten additional observations containing BEACH=0 
and copies of the original data for all other variables.   
 
Additional non-survey data were collected to create the beach characteristics 
vector used in the model.  Average beach width was estimated using USACE 
aerial photography from 2002 and was from the mean sea level (msl) to the first 
line of vegetation.  Because the 2002 hurricane season did not significantly 
impact southeastern North Carolina beaches, USACE determined that average 
beach widths in 2002 would be adequate estimates of 2003 beach widths.  
Average beach length was obtained from the Wilmington District GIS database.  
Parking access points and parking spaces were also collected from USACE 
project data and the parking data collected by UNCW.   
 
Data was collected from the National Weather Service for the weather station 
closest to each beach surveyed (only Morehead City and Wilmington stations 
were used).  This data described weather forecasts for each day the on site 
surveys were administered.  Air temperature and wind speed variables were 
used for each beach as well as variables describing the cloud cover and 
precipitation.  Four dummy variables were created to represent the cloud cover 
and precipitation for each beach on each day of the survey.  These variables 
include 1.) partly cloudy, 2.) mostly cloudy, no showers or storms, 3.) partly 
cloudy with scattered or isolated showers or storms, and 4.) mostly cloudy with 
numerous showers and storms.  Values for these variables are ‘1’ if those 
conditions are present and ‘0’ otherwise.  The default weather condition, if none 
of the variables listed above have values of ‘1’, is mostly sunny.   
 
The access price for each beach is different for each survey respondent, 
depending on the travel distance between the respondent’s home and each 
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beach, and the opportunity cost of the respondent’s time.  Travel distances and 
average travel speeds between each survey respondent’s home zip code and 
every beach zip code included in the study were calculated using PCMiler (2005) 
software.  PCMiler calculates distances and average speeds for travel between 
specified zip codes.  This program is helpful for developing the costs of 
individuals’ travel used in travel cost models.  The travel distance for each 
respondent to each of the eleven beaches in the study was calculated using the 
‘miles’ function of PCMiler with the default setting ‘prac,’ which is the setting for 
the individual choosing the most practical route.  Average travel speed (mph) for 
each respondent to each beach was calculated by dividing distance by average 
drive time to each beach.  
 
Distance, speed, and income or estimated income were used to calculate the 
access price, or a round trip travel cost for each survey respondent from their 
home zip code to each study area zip code.  The cost per mile used was $0.37, 
the national average automobile driving cost, which includes only the variable 
costs and no fixed costs for 2003 as reported by American Automobile 
Association (AAA) (AAA Personal communication, 2005).  As is common in 
recreation studies, one third of the wage rate (income/2000 hours/3) was used to 
value leisure time for each respondent.  For each survey respondent, i, and each 
beach, access price of respondent was derived by the following: 
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The conditional logit regression model was estimated using LIMDEP procedures.  
The dependent variable BEACH (a categorical 0/1 beach selection variable) was 
regressed on access price (PRICE), beach length (BLENGTH), beach width 
(BWIDTH), the number of beach access points (BACCESS), the number of 
parking spaces (BPARKSP), a dummy variable for rain occurrence (FCRAIN), a 
dummy for air temperature (FCTEMP), and a dummy for wind speed (FCWIND).  
The regression results are presented in Table O-8: 
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Table O-8.  Conditional Logit Regression Results 
Independent 
Variable 

Parameter Estimate Std. 
 Error 

T-Ratio P-value 

PRICE -.0241*** 0.001 -23.37 0 
BLENGTH  0.1665*** 0.014 12.025 0 
BWIDTH  0.0201*** 0.001 15.253 0 
BACCESS -0.0088*** 0.002 -4.561 0 
BPARKSP  0.0002 9.757E-05 1.548 0.1216 
FCRAIN -0.3020** 0.136 -2.218 0.0266 
FCTEMP  0.0844*** 0.026 3.249 0.0012 
FCWIND 0.03064 0.027 -1.134 0.257 

Notes: ***,**, and * refer to significance at the 1%, and 5% levels, respectively. The chi-square and overall likelihood ratio 

statistics are respectively 20.09 and 672.  Number of observations = 2131. Dependent variable: BEACH.   
 
The signs on the estimated coefficients give the qualitative effects of the 
regressors on the probability that a beach recreationist selects a particular 
beach.  For example, the negative estimated coefficient on PRICE indicates that 
as the access price increases for a particular beach, the probability that a beach 
recreationist chooses to visit that particular beach decreases.  Hence, the impact 
of increasing access price on the probability of beach selection is negative and 
significant.  Increases in beach length or width have positive and significant 
impacts on the probability of beach selection.  An increase in the number of 
available parking spaces has a positive, though marginally significant (p=0.1216), 
impact on the probability of beach selection.  Perhaps surprisingly, the number of 
beach access points has a negative and significant impact on beach selection.  
However, the number of beach access points may be a proxy measure of 
“commercial development,” which may be negatively related to the probability of 
beach selection if most recreationists desire a more solitary beach experience.  
Finally, the weather variables have the expected signs, with a forecast of rain 
and temperature having significant effects and a forecast of wind having an 
insignificant effect on the probability of beach selection.  In all, the overall 
regression is significant at the 1% level of significance.   
 
Measures of WTP for site access are calculated from the conditional logit 
regression results (Haab and McConnell 2002).  WTP for site access to beach i 
is given by: 
 

)Pr1ln()( 01
iPRICEiWTP −= β        

 (3) 
 
Where 0Pri  is the predicted probability of an individual selecting beach i under 
baseline conditions and priceβ  is the coefficient on the access price.  The values 
of Pri

0 and WTP for site access for each beach are presented in Table O-9: 
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 Table O-9.  Site Access Values 
Beach  Pri

0 (2003 $'s / trip) 
0 Caswell Beach 0.03264 $1.38 
1 Oak Island Beach 0.1094 $4.82 
2 Holden Beach 0.09103 $3.97 
3 North Topsail Beach 0.12304 $5.46 
4 Surf City Beach 0.06635 $2.85 
5 Topsail Beach 0.0813 $3.53 
6 Pine Knoll Shores Beach 0.08142 $3.53 
7 Salter Path Beach 0.02958 $1.25 
8 Indian Beach 0.02809 $1.18 
9 Emerald Isle Beach 0.22641 $10.67 
10 Atlantic Beach 0.13072 $5.83 

 
The site access WTP values in Table O-9 are the portion of WTP attributable to 
the beach on which the individual was surveyed.  In other words, if the individuals 
were prevented from visiting that particular beach but were able to visit another 
beach within the study region, the beach visitor would experience a reduction in 
value equal to that in Table O-9.  The values in Table O-9 are smaller than the 
WTP values in the preceding section because the site access WTP values give 
only the additional (marginal) value to the recreationist of visiting the chosen 
beach over the next-best substitute beach in the study region.  This value is in 
addition to the value of visiting simply any beach within the study region.  The 
WTP values in the preceding section of the report give the total of both value 
components: the value of visiting any beach in the study region and the 
additional value of visiting the particular beach on which the beach visitor was 
surveyed.  The WTP values in Table O-9 are similar to those found by Parsons, 
Massey and Tomasi (1999), who used a conditional logit model to study beach 
recreation trips made by Delaware residents to New Jersey, Delaware and 
Virginia beaches in the fall of 1997. 
 
3.5  OSS - Estimating WTP for Changes in Beach Quality Using TCM 
 
The conditional logit model developed in the preceding section may also be used 
to estimate WTP for changes in beach quality, such as changes in beach width 
or the number of available parking spaces.  WTP for a change in beach quality 
characteristic q at beach i from an original level of the characteristic q0 to a new 
level of the characteristic q’ is given by: 
 

)]}(Pr1ln[)](Pr1){ln[( 00''1 qqWTP iiPRICEi −−−= β       
 (4) 
 
Where Pri

0(q0) is the simulated probability of a beach visitor selecting that beach i 
when the level of beach quality characteristic q at beach i is q0, and Pri’(q’) is the 
simulated probability of a beach visitor selecting beach i when the level of beach 
quality characteristic q at beach i is q’ (Haab and McConnell 2002).  The 
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simulated probabilities Pri
0 and Pri’ are calculated using the conditional logit 

model regression results presented in the preceding section.   
 
Several alternative policy scenarios involving changes in beach quality 
characteristics can be evaluated using the conditional logit model results.  This 
analysis focuses only on the change in beach width effecting WTP.   
 
3.6  Project Scenarios 
 
The purpose of developing project scenarios is to calculate WTP for specified 
changes in beach width compared to the 2003 base year.  Beach width changes 
of –50ft, +50ft, +100ft, and +150ft were used as scenarios.  LIMDEP simulations 
were carried out for each beach separately, meaning that the beach width was 
changed for only one of the eleven towns while assuming that the beach widths 
at the other ten towns remained constant, at the 2003 base year levels.  Note 
that changing the width of a particular beach also affects WTP at other, nearby, 
substitute beaches.  However, to simplify the presentation, results are presented 
only for the beach on which the change in width occurs.   
 
The simulated probability of an individual selecting a particular beach varies 
depending on the changes in width.  Equation 4 was used to estimate the WTP 
for changes in beach width.  The conditional logit model estimates of changes in 
WTP per trip resulting from changes in beach width (BWIDTH) are reported in 
Table O-10. 
  
Table O-10.  Changes in WTP per Trip Resulting from Changes in Beach Width 
  Changes in WTP per Trip (2003 $’s) 

Resulting From Changes in Beach Width(BWIDTH) 
  -50 feet +50 feet +100 feet +150 feet 
Caswell Beach -$0.84 $2.05 $6.47 $14.61 
Oak Island -$3.17 $5.43 $14.69 $28.92 
Holden Beach -$2.38 $5.20 $14.94 $30.51 
North Topsail Beach -$3.34 $7.77 $23.07 $47.36 
Surf City -$1.77 $4.39 $14.13 $32.06 
Topsail Beach -$2.18 $5.30 $16.64 $36.53 
Pine Knoll Shores -$2.17 $5.14 $15.65 $33.22 
Indian Beach -$0.73 $1.91 $6.61 $16.74 
Salter Path  -$0.77 $2.01 $6.93 $17.43 
Emerald Isle -$6.31 $12.63 $33.03 $60.13 
Atlantic Beach -$3.52 $7.72 $21.81 $42.91 

 
It can be deduced from Table 0-10 that the average recreationist would be willing 
to pay an additional $5.30 per trip to enjoy a beach width of 160 ft at Topsail 
Beach as opposed to a beach width of 110 ft.  This $5.30 value is not a “per foot 
of beach width” measure; rather, it is the willingness to pay for entire increase in 
beach width at Topsail Beach from 110 ft to 160 ft.  Although not shown in Table 
O-10, an increase in beach width at a particular beach alone results in the 
attraction of some beach visitors to that beach and away from other beaches in 
the sample region.  Observe that a decrease in beach width at a particular beach 
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results in fewer trips to that beach and more trips to other beaches in the sample 
region. 
 
Note that the values presented in Table O-10 reflect the effect of increased 
beach width at one particular beach only.  If beach width were improved at all 
beaches simultaneously, then the increase in trips to that one particular beach 
would be smaller, as fewer individuals would be attracted away from other 
beaches in the study region to that beach. 
 
 
4.0.  TELEPHONE SURVEY (TS) 
 
The site survey data was used to estimate recreation value per trip (net 
willingness to pay).  The following section is devoted to the estimation of annual 
visitation model for each beach based on telephone survey data. 
 
4.1  TS - Predicting Missing Income Data 
  
Some survey respondents did not provide information on household income, yet 
they answered all other or at least the majority of the remaining survey questions.  
Obtaining estimates for missing income allows the information from as many 
survey respondents as possible to be included in the analysis.  An ordered probit 
model was developed to predict income for telephone survey respondents, who 
either refused to answer the income question, answered ‘don’t know’ to the 
income question, or for whom income data were missing.  The ordered probit 
model specification is described in Attachment 4.  The model predicts the 
dependent variable household income (INCOME), which is a categorical variable, 
using the independent variables collected via the telephone survey.  If the 
incomes of beach visitors differ from the average incomes of individuals within a 
particular zip code, the model predicts income that are more accurate than 
estimates based on average income by zip code.   
 
The conditioning variables used in the regression were: distance in miles from 
the respondent’s home zip code to the zip code of the beach closest to the 
respondent’s home zip code (MINDIST), sex (SEX), marital status (MARRIED, 
“No”=0, “Yes”=1), race (RACE, “White/Caucasian”=0, Other=1), age (AGE), age 
squared (AGESQ), a dummy variable indicating college (baccalaureate) 
graduation (COLLGRAD, “No”=0, “Yes”=1), and interaction variables for marriage 
and age (MARAGE = MARRIED*AGE) and marriage and college 
MARCOLL=MARRIED*COLLGRAD).   
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Table O-11 presents descriptive statistics for the variables employed in the 
regression.    
 
Table O-11.  Descriptive Statistics for Ordered Probit Regression Model 

Variable Mean Std.Dev. Skewness Kurtosis Min. Max. 
Obser- 
vations 

INCOME 2.51029 1.53269 0.161413 2.08667 0 5 729
MINDIST 115.559 136.008 3.68654 18.365 0 808.2 729
SEX 0.603567 0.489492 -0.42316 1.17769 0 1 729
MARRIED 0.674897 0.468735 -0.74625 1.55552 0 1 729
RACE 0.148148 0.355491 1.97953 4.91716 0 1 729
AGE 42.4925 14.568 0.449375 2.54649 13 85 729
AGESQ 2017.54 1355.97 1.12074 4.06728 169 7225 729
MARAGE 30.262 23.7804 -0.05754 1.76408 0 85 729
COLLGRAD 0.447188 0.497544 0.212291 1.0437 0 1 729
MARCOLL 0.314129 0.464487 0.800329 1.63915 0 1 729

  
Table O-12 presents the regression results.   
 
Table O-12.  Ordered Probit Regression Model Results 
Variable Coefficient Std.Error. t-ratio P-value 
ONE -1.50248*** 0.344 -4.364 1.28E-05
MINDIST 0.00073** 0.0003 2.489 0.012826
SEX -0.22794** 0.0811 -2.811 0.004946
MARRIED 1.01791*** 0.2682 3.796 0.000147
RACE -0.599*** 1.14E-01 -5.248 1.53E-07
AGE 0.106275*** 0.01568 6.778 1.22E-11
AGESQ -0.00106*** 1.70E-04 -6.233 4.57E-10
MARAGE -0.00495 0.005995 -0.825 0.409313
COLLGRAD 0.843713*** 1.44E-01 5.849 4.94E-09
MARCOLL -0.03855 1.73E-01 -0.222 0.824125
Threshold parameters for index 

µ1 0.907364 5.07E-02 17.898 0.000
µ2 1.754921 5.04E-02 34.787 0.000
µ3 2.480497 5.46E-02 45.396 0.000
µ4 2.891494 6.29E-02 45.935 0.000

Notes: *** and ** refer to significance at the 1%, and 5%, levels, respectively. The chi-square and overall likelihood ratio 

statistics are respectively 21.67 and 307.78.  Number of observations = 729. Dependent variable: INCOME.  In LIMDEP, 

µ0 is normalized to the value zero; 
 
With the exception of the interaction variables, all explanatory variables are 
statistically significant.  MINDIST, MARRIED, AGE and COLLGRAD have 
positive impacts on predicted INCOME, while SEX, RACE, AGESQ have 
negative impacts.  The ordered probit model was used to predict an income 
category for those cases listed above where the raw income variable value was 
missing, ‘don’t know,’ or ‘refused’.  A spreadsheet is used to calculate predicted 
income numbers from the regression results in the table above.  A new income 
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category variable ‘INCCAT’ containing the predicted income categories was 
created.  INCCAT was converted to numerical variable INCMIDPT using the 
midpoint of each income category, except that the numerical values for the first 
and last income categories were set at $15,000 and $110,000, respectively. 
 
4.2  TS - Annual Visitation Model Using TCM 
  
Thus far, this analysis has determined the recreationist’s WTP for a trip to the 
beach using data from the on site survey and the missing income data from both 
the on site and telephone survey responses.  The final requirement necessary to 
calculate the average annual benefits (AAB) is to determine the annual visitation 
for each beach.  The telephone survey data was used to estimate an annual 
visitation model for each beach.  To address the fact that the dependent variable, 
trips per household per year, is an integer variable, a Poisson/negative binomial 
regression model framework was used (Haab and McConnell, 2002, pp164-174; 
LIMDEP Chapter E20).  The Poisson regression model is appropriate unless the 
data are over-dispersed.  The data are overdispersed when the variance in trips 
per year is greater than mean trips per year.  If the data are over-dispersed, the 
negative binomial model is appropriate.  Statistical tests reported in Table O-14 
indicate that the data are not over-dispersed. Therefore, the use of the Poisson 
model is appropriate. 
 
Each of the 1,067 respondents in the data set reported the number of 
recreational beach trips taken to each of 17 beaches in southeastern North 
Carolina during the summer of 2003.  The 1,067 respondents reported a total of 
9,002 trips as shown in Table O-13.   
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Table O-13.  Distribution of 2003 Beach Trips Across Beaches 

2003 Beach Trips 
 Beach 
Number 

 Beach Name 
Number 
in Sample 

Proportion of 
Sample 

00 Caswell Beach 163 0.02
01 Oak Island 163 0.02
02 Holden Beach 183 0.02
03 North Topsail Beach 719 0.08
04 Surf City 279 0.03
05 Topsail Beach 245 0.03
06 Pine Knoll Shores 143 0.02
08 Salter Path and Indian Beach 135 0.01
09 Emerald Isle 1083 0.12
10 Atlantic Beach 919 0.10
11 Fort Macon 251 0.03
12 Carolina Beach 1502 0.17
13 Kure Beach 360 0.04
14 Fort Fisher 404 0.04
15 Ocean Isle Beach 353 0.04
16 Sunset Beach 153 0.02
17 Wrightsville Beach 1947 0.22
  Total Trips 9002 1.00

 
For modeling purposes, the data for each survey respondent were expanded into 
17 rows of data, one row for each beach.  The data set used for the Poisson 
regression therefore has 1,067*17 = 18,139 rows of data, with 17 rows for each 
survey respondent.  Each row of data consists of the number of trips taken to a 
particular beach (TRIPS), the access price for that respondent and beach 
(ACCPRI), beach width (BWIDTH), beach length (BLENGTH), beach parking 
spaces (BSPACES), beach access points (BACCESS), respondent’s household 
income in $1,000’s (INCOME), the respondent’s age (AGE), age squared 
(AGESQ), the number of children in the respondent’s household (NUMKIDS), 
and dummy variables indicating whether the respondent was female, married, or 
a member of a racial minority.  A system of dummy variables labeled DD01 
through DD17 was created to allow each beach to have a separate slope 
coefficient for the variable ACCPRI, which allows the effect of access price on 
trips to vary by beach.  Dummy variable DD07 was omitted because the relatively 
few data from beach 07 were pooled with the data from adjacent beach 08 for the 
analysis.  To avoid the dummy variable trap, the dummy DD00 corresponding to 
Caswell Beach was omitted.  The coefficient on ACCPRI is the coefficient 
corresponding to Caswell Beach, and the coefficients on the dummy variables 
shift the coefficient on ACCPRI as appropriate for the other beaches.  Allowing 
the effect of access price to vary by beach is necessary in order to obtain 
separate estimates of willingness to pay for each beach.   
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Travel distances and average travel speeds between each survey respondent’s 
home zip code and every beach zip code included in the study were calculated 
using PCMiler Software.  If distance = 0, then the speed would be zero.  In this 
case, speed was set equal to 2 mph to correspond to average walking speed and 
distance was set to equal 1 mph.  Distance, speed, and estimated hourly wage 
(reported/estimated household income divided by 2000 work hours per year) 
were used to calculate the access price (ACCPRI), or a round trip travel cost, for 
each survey respondent from the home zip code to every beach zip code.  The 
cost per mile used was $0.37, the national average automobile driving cost for 
2003 as reported by American Automobile Association (AAA) (AAA Personal 
communication 2005).  The AAA cost per mile estimate is based on 15,000 miles 
driven per year for three typical cars, which only includes the variable costs and 
no fixed costs.  One third of the wage rate was used to value leisure time for 
each respondent.  For each survey respondent, i, beach-specific access price 
were calculated as follows: 
 

)))/tan*2(*))2000/(*)3/1((()tan*)37.0*2(( speedcedisINCMIDPTcedisACCPRI i+=
   (5) 
 
General descriptive statistics of the respondents are listed in Table O-14. 
 
Table O-14.  Descriptive Statistics for the Poisson Regression Model 
Variable Mean Std.Dev. Minimum Maximum Observations 
TRIPS 0.496279 5.875066 0 200 18139 
ACCPRI 160.4209 135.8946 0 1169.75 18139 
BWIDTH 129.5294 73.24627 80 400 18139 
BLENGTH 4.547059 2.896755 1.1 11.5 18139 
BSPACES 448.1765 353.8989 56 1479 18139 
BACCESS 27.47059 19.93018 2 69 18139 
INCOME 58.83318 28.50739 15 110 18139 
FEMALE 0.633552 0.481847 0 1 18139 
MARRIED 0.715089 0.451384 0 1 18139 
NUMKIDS 0.940019 1.140643 0 8 18139 
MINORITY 0.192127 0.393984 0 1 18139 
AGE 42.42737 14.91017 18 104 18139 
AGESQ 2022.382 1403.119 324 10816 18139 
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Since the surveying was done by telephone and the dependent variable in the 
TCM is the number of trips a respondent has taken in the past twelve months, 
statistical efficiency is improved by using a count data estimator.  The number of 
trips taken is a non-negative integer, rather than a continuous variable as 
assumed in the normal distribution.  The count data model estimated has a 
Poisson distribution with the following specification:  
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     (6) 
 
Where “EXP” is the exponentiation operator, “xx” is a beach index variable, 
ACCPRI, BWDTH, BLENGTH, BSPACES, BACCESS, INCOME, FEMALE, 
MARRIED, NUMKIDS, MINORITY, AGE, and AGESQ are as defined and ε is 
normally distributed error term. 
 
The results of the Poisson equation are listed in Table O-15.   
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Table O-15.  Poisson/Negative Binomial Cluster Regression Results 
Variable Coeff. Std.Err. t-ratio p-value Variable 

Mean 
Constant -1.09355 0.968624 -1.129 0.2589 1 
ACCPRI -0.02553*** 0.006365 -4.011 0.0001 160.4209 
DDD01 -0.01683 0.011313 -1.488 0.1368 10.45277 
DDD02 -.902962D-04 0.007629 -0.012 0.9906 9.215456 
DDD03 -0.00515 0.009826 -0.524 0.6003 8.580884 
DDD04 -0.00186 0.00739 -0.252 0.8008 8.292163 
DDD05 -0.00631 0.009542 -0.661 0.5083 8.292163 
DDD06 0.000829 0.006838 0.121 0.9035 9.93717 
DDD08 0.002027 0.006035 0.336 0.737 9.910301 
DDD09 0.002177 0.0105 0.207 0.8357 9.656682 
DDD10 0.011904** 0.005727 2.079 0.0377 9.93717 
DDD11 0.001691 0.006004 0.282 0.7782 9.93717 
DDD12 0.009143 0.006296 1.452 0.1465 8.714047 
DDD13 -.297979D-04 0.005936 -0.005 0.996 8.961451 
DDD14 -0.00026 0.009382 -0.028 0.9777 8.961451 
DDD15 0.005259 0.005899 0.892 0.3726 10.5665 
DDD16 -0.009 0.010376 -0.868 0.3856 10.48006 
DDD17 0.005387 0.006758 0.797 0.4253 8.072745 
BWIDTH 0.002394 0.002572 0.931 0.352 129.5294 
BLENGTH 0.025076 0.119415 0.21 0.8337 4.547059 
BSPACES 0.000493 0.000452 1.091 0.2754 448.1765 
BACCESS 0.017385 0.019619 0.886 0.3755 27.47059 
INCOME 0.019647*** 0.005355 3.669 0.0002 58.83318 
FEMALE -0.25952 0.240868 -1.077 0.2813 0.633552 
MARRIED -0.36621* 0.218787 -1.674 0.0942 0.715089 
NUMKIDS 0.091765 0.100994 0.909 0.3635 0.940019 
MINORITY -0.65093** 0.287471 -2.264 0.0236 0.192127 
AGE 0.038489 0.030273 1.271 0.2036 42.42737 
AGESQ -0.00046 0.000314 -1.462 0.1437 2022.382 

Notes:  ***,**, and * refer to significance at the 1%, 5%, and 10% levels, respectively. The chi-square and overall 

likelihood ratio statistics are 48.3 and 22373, respectively.  Number of observations =699.  Dependent variable: TRIPS.  

 
Two tests of over-dispersion for the Poisson regression model results indicate 
that the data are not over-dispersed.  Therefore, results of the Poisson version of 
the model in Table O-15 are retained, and the negative binomial regression 
model was not pursued.  In general, the estimated coefficients in the regression 
results are of the anticipated signs and are statistically significant.  Higher access 
prices ACCPRI reduce the number of expected beach TRIPS, while higher 
incomes INCOME increase expected TRIPS.  Increases in beach width BWIDTH, 
beach length BLENGTH, the number of parking spaces BSPACES, or the 
number of beach accesses BACCESS increase expected TRIPS, while being 
MARRIED, having a larger number of children (NUMKIDS), being a member of a 
MINORITY group, or being older (AGE), decrease the number of expected 
TRIPS. 
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5.0.  Calculating Project Average Annual Benefits (AAB) 
 
The average annual benefits (AAB) of recreation under baseline 2003 conditions 
at each of the project beaches are calculated using estimates of annual trips to 
each beach, based on the telephone survey data, and estimates of recreation 
value per trip (net willingness to pay,) based on the on site survey data.  This 
study calculates the AAB for day user trips only.  The recreation benefits 
received by permanent beach residents and benefits associated with overnight 
trips are not included.   
 
Estimates of the number of day user recreation trips to each project beach during 
the 2003 baseline season are developed from the telephone survey data.  These 
estimated trips account only for trips originating from the geographic “area of 
influence” identified using the on site survey data.  The “area of influence” is the 
geographic area where seventy percent of the on site survey day trips originated 
or a 120-mile radius of the beaches under study.  The area of influence 
corresponds roughly to the eastern half of North Carolina.  A random sample of 
telephone households in the area was conducted in the spring of 2003.  Of the 
1876 households surveyed, 1,187 or 63% reported taking a trip to one or more of 
the beaches included in this study in 2003.  Survey questions gathered 
information on each respondent’s number of trips to each project beach in 2003.  
The 1,067 survey respondents who answered beach destination questions 
reported taking 9,002 trips to study area beaches in 2003.  These trips were 
distributed across project area beaches as shown previously in Table O-13.   
 
Based on the telephone survey trip data, a model was estimated to predict 
annual trips per beach trip-taking household for each beach.  North Carolina 
state government projections of county household populations in the area of 
influence were used to project the number of households from 2004 through 
2059.  The number of households is multiplied by the 0.63 fraction of households 
taking a beach trip to a project beach in 2003 (assumed constant across years) 
and the number of trips to each beach per beach trip-taking household.  For 
beach i in year t, the baseline predicted number of trips from all households in 
the area of influence is given by: 
 
Baseline Predicted Trips in Year t to Project Beach i = Projected Households in 
Area of Influence *0.63 *Trips per beach trip-taking household to project beach i 
(7) 
 
Estimates of recreation value per recreation trip, or net willingness to pay (WTP) 
per trip, are calculated for baseline 2003 conditions from the on-site survey data.  
These estimates are presented in Table O-16. 
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Table O-16.  Baseline 2003/2004 WTP/trip values, Wald Test estimates  

Beach WTP  Std Error 
Caswell $48.82 $3.84 
Oak Island $40.45 $3.07 
Holden $49.71 $3.69 
North Topsail Beach $42.89 $3.97 
Surf City $47.23 $3.03 
Topsail Beach $46.17 $2.66 
Pine Knoll Shores $47.83 $3.28 
Salter Path $47.68 $3.12 
Indian Beach $47.98 $3.17 
Emerald Isle $46.71 $4.13 
Atlantic Beach $38.05 $4.30 

 
Estimates of the annual recreation benefits (2004 year-dollars) of all beach trips 
taken to each beach in the baseline year are calculated by multiplying the 
estimated number of beach trips to each beach by the baseline WTP per trip.  
Annual recreation benefits in future years for each beach are calculated by 
multiplying estimated annual day trips to each beach (conditional on growth in 
the household population in the area of influence) by the WTP per trip for each 
beach (assumed to remain constant in real-dollar terms).   
 
The net present value (NPV) (2004 dollars) of the annual recreation benefits 
occurring in each future year to each beach is calculated by discounting annual 
recreation benefits at the FY 2005 interest rate of 0.05375.  For each project 
beach, present worth average annual benefits (PWAAB) are calculated by 
summing the annual NPV of recreation benefits across all project years and 
amortizing the accumulated NPV over the 50-year period of analysis.  PWAAB 
are the average annual benefits of recreation expressed in current 2004 dollars, 
so that the amounts reflect what the recreation benefit due to nourishment is 
worth today.   The estimated project start year for each project is shown in Table 
O-17.  This project start year for construction is subject to change by a year or 
two for each study area.  If changed, the recreation benefit calculations will not 
be significantly different. 
 
Table.  O-17.  Project Start Year 

 Study Area USACE Start Construction Fiscal Year 
Topsail Beach 2011 
Surf City/North Topsail Beach 2012 
Bogue Banks 2009 
Brunswick County Beaches 2009 

 
AAB for each project is calculated by multiplying the PWAAB for each project by 
the 50-year, 5 3/8%, interest and amortization factor (.057981.)  For the purpose 
of calculating AAB, zero benefits are assumed for years the project start year.   
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The recreation AAB for several alternative project scenarios were estimated.  
The project scenarios for each beach consider changes to beach widths and how 
those widths might increase or decrease a beach goer’s willingness to pay 
additional money for four alternative beach widths.  The alternative beach widths 
are defined relative to the baseline widths of each beach in 2003, presented in 
Table O-18. 
  
Table O-18.  Baseline 2003 Beach Widths 

Beach Average Width (ft) 
Caswell 80 
Oak Island 120 
Holden 90 
North Topsail Beach 82 
Surf City 90 
Topsail Beach 110 
Pine Knoll Shores 110 
Salter Path 90 
Indian Beach 90 
Emerald Isle 130 
Atlantic Beach 135 

  
The four scenarios are: 

1)    Subtract 50 ft from the width of each beach 
2)    Add 50 ft to the width of each beach 
3)    Add 100 ft to the width of each beach 
4)    Add 150 ft to the width of each beach 

 
Based on the results of the survey data analysis and modeling effort changes in 
both the estimated numbers of trips made to each beach and the beach-specific 
WTP per trip resulting from the changes in beach widths are estimated.  NPV, 
PWAAB, and AAB are re-calculated as outlined above for each beach under 
each of the four scenarios using the beach-specific estimates of changes in trips 
and changes in WTP per trip.  A “project AAB” for each of the four scenarios for 
each beach is calculated by subtracting baseline AAB from the scenario AAB for 
each scenario for each beach.  Next a curve was generated that would estimate 
and account for the increased beach width.  In the case of West Onslow Beach, 
the original beach width was 110 feet measured from the first line of vegetation to 
mean sea level (msl).  The recreation beach width for USACE Wilmington’s 1550 
plan cross section excludes the vegetated dune crest and dune slopes, and 
includes the 50 foot berm and the 15H:1V berm slope between the berm 
elevation of 7 feet NGVD and the mean sea level (assume 0 feet NGVD).  This 
1550 plan recreation beach width then is 50 feet + 15 * ( 7 feet - 0 feet ) = 50 feet 
+ 105 feet = 155 feet.  The with project condition selected alternative of the 1550 
plan would add an additional 45 feet and results in approximately $5,500,000 
PWAAB for the Town of Topsail Beach as estimated in Figure O-1.    
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Figure O-1, Topsail Beach Recreation Benefits and Width Increase 
 
 
6.0  CONCLUSION 
 
The purpose of this study and subsequent evaluation was to improve the 
recreation benefit analysis for Hurricane and Storm Damage Reduction projects.  
As stated earlier, recreation benefits are included as incidental benefits in the 
total benefit accounting, but they are not included in the formulation of the project 
with respect to size and scope.  However, with respect to West Onslow Beach 
the project selected alternative is justified on HSDR benefits alone; therefore, by 
improving the methodology for calculating recreation benefits more accurately 
the added benefit of providing sand for recreation increases the total net benefit 
of the selected plan and increases the project’s benefit cost ratio significantly.  
Based on the data collection and results of this study, it can be supported that 
beach user’s willingness to pay for beach visits adds to the structural value of 
hurricane and storm damage reduction to the beach as a recreational outlet for 
the public.  Therefore, it is reasonable to use the figures established as a result 
of the economic models in this report to add to the net benefit of a hurricane and 
storm damage reduction project for Topsail Beach, NC.  Assuming a project life 
of 50 years and an interest rate of 5 3/8 %, average annual benefits for 
recreation total approximately $5.5 million. 
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software  
ii[ii] Although it would be reasonable to suspect that MILES and EXPENSE could be highly 
correlated, which could lead to multicollinearity problems in the regression analysis, a correlation 
analysis revealed that these variables are not, if fact, highly correlated in this dataset (linear 
correlation coefficient 0.12896, n=2755).   
iii[iii] Household income is not included as an independent variable in the binomial probit model 
because income effects “fall out” of this model specification.  However, a varying parameters 
version of the binomial probit model was also estimated (Haab and McConnel 2002, Chapter 2, 
pp.48-49).  The varying parameters model allows estimation of WTP by household income 
category.  These estimates are available upon request. 
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APPENDIX P 
 

NONSTRUCTURAL ALTERNATIVES 
 

1.    GENERAL.   The nonstructural alternative that would avoid or delay damage 
due to erosion involves removal of structures from the hazard area.  For this 
alternative, it is assumed that the first row of structures will be removed to avoid 
loss.  As shown on Table P-2, the first cost of this alternative is around $96 
million.  It would require relocation of 71 structures and demolition of 312 
structures.  
 
2.  EXISTING CONDITIONS. 
 
2.1.  ZONING RESTRICTIONS.  Zoning presently requires new structures to be 
located 60 feet behind the existing vegetation line and 15 feet from the street 
right-of-way.  These regulations preclude future development between the strand 
and the first roadway in some locations. Septic tanks with drain fields are used at 
Topsail Beach and zoning requires these to be within the setback as well.  
 
2.2.  AVAILABILITY OF REAL ESTATE.  An estimate of vacant lots in each 
reach that may be available for relocation of structures was made based on 
review of existing aerial photography from May 2003.  Due to the current rate of 
construction on Topsail Island and uncertainty of lot availability, this alternative 
was developed assuming only one third of these lots would be available as 
destinations at the estimated year of project construction.   
 
2.3.  DEVELOPMENT.  The rate and intensity of new construction implies that 
any suitable ocean front lot will soon be developed before the shore projection 
project construction begins.  The structure file for the without project condition 
includes structures assumed to be constructed in the near future on these 
suitable lots.  The analysis of the nonstructural alternative includes both costs 
and benefits for removal of these potential structures.   
 
3.  MEASURES.  This alternative involves use of one of three different measures 
on each structure selected.  
 
3.1.  RETREAT.  Retreat is the relocation of a structure away from the hazard on 
the same lot.  The ideal situation would be to have relatively deep beachfront lots 
that would allow the structures to be moved back over time as the coastline 
eroded.  Work would include moving the structure to a newly constructed 
foundation and may also include replacement of the septic system etc.   Costs for 
this measure are lower than for relocation due to the short distance of the move 
and the lack of associated real estate costs.   Where space allows, retreat will be 
considered; however, very few existing lots are deep enough to allow retreat.  
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Approximately 22 structures – mostly in reaches 14 and 15  - could be moved 
back on their existing lot.   
 
3.2.  RELOCATION.  Where retreat is not an option, this measure proposes 
relocating the structure to another lot.  There are about 290 structures that could 
be relocated; however, it is estimated that only 49 lots would be available at 
Topsail Beach. It was assumed that there were four basic types of structures and 
that relocation of all of these structures would include new site preparation 
(utilities, new foundation, driveways etc.) and restoration of the existing site by 
demolition and removal of the foundation, driveways, septic system and utility 
connections.  No attempt has been made to site each building.  The selection of 
which structures would be relocated and which would be demolished was based 
on the value of the structures, estimated relocation cost and their proximity to 
suitable relocation sites.  Due to vertical and horizontal restrictions on the NC 50 
bridge crossing the AIWW at Surf City, any relocation off the island would require 
travel across the NC 210 bridge at North Topsail Beach, extending the haul 
distance considerably.  For this reason, relocation off the island is not considered 
practical.      
 
3.3.  DEMOLITION.  When the estimated cost of relocation was greater than the 
value of the structure or when real estate is not available for relocation, it was 
assumed that the structure would be demolished and payments equaling the 
market value of the structure and lot would be made to the owner.  Demolition 
would include removal and disposal of structures, utility connections, septic 
system etc. and restoration of the site. 
 
4   COST.  Development of typical cost for the various measures is included in 
Table P-1.  Cost includes construction, real estate, engineering, relocation 
assistance, construction management and a contingency. 
 
 
4.1.  STRUCTURE MOVE COST.   The cost of moving a structure can vary 
greatly depending on site conditions, structure size, structure relocation type and 
haul distance.  Costs used represent a move of a few blocks.  Costs developed 
for each structure relocation type are as follows: 
 
 
STRUCTURE RELOCATION TYPE I  
 
These structures are on piles without a closed-in ground floor.  They may be one 
or two story buildings and are typically in the 1500 to 2500 square foot range. 
 
  $92,000 / structure  
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STRUCTURE RELOCATION TYPE II . 
 
 
These are similar to structure relocation type I; however, the ground floor has 
been improved. The ground floor may be either utility/ storage space, garage 
space or heated living space.  For the purpose of this comparison, it is assumed 
that the ground floor at the new site will be developed as garage space with 
breakaway walls.   
 
  $107,000 / structure  
 
STRUCTURE RELOCATION TYPE III  
 
These slab on grade structures are typically the older structures.  They may be 
one or two story, of wood or masonry construction and are typically 1000 to 2000 
square feet. Moving cost for these structures is typically more than for structures 
on piles and in most cases relocation could not be justified.   
 
  $133,000 /structure 
 
STRUCTURE RELOCATION TYPE IV .   
 
This includes motels, condominiums and commercial structures.  Cost of 
relocating these will be approximated for each structure using the cost per 
square foot for structure relocation type III.. 
 
4.2.  RETREAT COST.  For this analysis the cost of retreat was assumed to be 
the same as for relocation of a  similar structure relocation type without the real 
estate cost.   
 
4.3.  DEMOLITION COST.  Cost of structural demolition includes removal and 
disposal of the structure, foundations, paved areas, utilities, and septic systems 
and grading and planting as needed to restore the site.  A cost of $17,000 / 
structure was used for a typical structure demolition in this analysis.  In some 
cases this estimate was adjusted for buildings that were considered more or less 
difficult to demolish.   
 
4.4.  REAL ESTATE COST.  Land Cost varies based on proximity to water.  
Although the lot that the structure is being relocated to may be several rows 
back, the cost of a typical first row lot is used.  Beach frontage cost at Topsail 
Beach is in the range of $3000 / linear foot.  A typical cost for a 65-foot wide 
beach front lot would be $198,000, including $3000 per lot for acquisition cost.   
 
4.5.  RELOCATION ASSISTANCE COST. Various relocation assistance 
payments would be required for the demolitions, retreats, and relocations.  
Research indicates that permanent residents occupy about 13% of the 
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structures.  Based on this, the average cost per structure affected would be 
about $3000, which is included in the relocation cost above.  
 
4.5   TOTAL COST.  Total costs presented by reach and by type of structure is 
shown in Table P-2.  The total first cost for this nonstructural plan is estimated to 
be $117,300,000.  This is for practical purposes a present value cost. 
 
5.  BENEFITS.  As with the beachfill alternatives, benefits were defined as the 
reduction in storm and erosion damages from the without project condition to the 
after removal condition.  Damages with the nonstructural plan were computed by 
applying the without project GRANDUC storm and erosion analysis to a modified 
structure file.  The structure file was modified to represent conditions with the 
nonstructural plan by setting the structure values of the affected structures to 
zero.  The only residual damages come from the remaining second or third row 
structures and from land losses.  Benefits estimated from the GRANDUC 
analysis are estimated to have an effective present value of $108,000,000.   
 
6.  TIMING.  If this alternative were chosen, the question of whether the first row 
structures should be relocated or demolished in the base year or as they become 
threatened by the retreating shoreline would have to be addressed.  It would be 
reasonable to relocate structures as they become threatened; however, by that 
time, vacant lots may no longer be available on the island.  One possibility would 
be to purchase lots now for a relocation that may not occur for several years.  
Likewise, structures that would be demolished could be demolished as they 
become more threatened, allowing several years of use by the current owners.  
For this analysis, it was assumed that all costs are incurred at the beginning. The 
present worth of benefits is computed assuming that annual benefits all start in 
the first project year, not phased in beginning at some future date.   
 
7.  PROCUREMENT OPTIONS.  The actions that would be taken to achieve this 
alternative could include purchase of available interior lots by the Government or 
sponsor and moving of the structures by a Government contract with the property 
owner retaining possession of the structure and the new lot but giving up 
ownership of the old lot.  A more likely action would involve Government 
purchase of the beachfront structure and lot, with or without salvage rights, and 
payment of damages to the property owner in the form of a buy-out.  This would 
be similar to the hazard mitigation buy-outs of homes in inland river floodplains.  
If the property owner retains salvage rights they would be responsible for locating 
suitable real estate and relocating the building.  If the Government retained 
salvage rights the Government could surplus the structures as part of the 
demolition contract.  
   
8.  DISCUSSION 
 
Except for reaches 14 and 15, implementation of the nonstructural alternative 
would result in an undeveloped strip between the beach and the first roadway.  
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This area could be used for parks, day-use parking, or other public uses until the 
erosion takes the existing land.   
 
Assuming there is no beach or dune nourishment the dune will eventually fail 
leaving the roadway and the structures beyond the roadway with no protection 
against storm surge.  Although not reflected in the cost of this alternative, there 
will likely be attempts to repair the dune as it fails and possibly use of sandbags 
etc. to protect the roadway.  This alternative also would result in a reduction in 
the tax base and growth potential of the community.  
 
This nonstructural alternative does not reduce damages to the second-row 
structures and does noting to prevent loss of the beach for recreation and 
habitat.  
 
Overall the nonstructural plan has net present value benefits of  -$9,300,000 with 
a benefit to cost ratio of 0.92 to 1.     
 
9.  OTHER NONSTRUCTURAL ALTERNATIVES.  The concept of using 
nonstructural measures in combination with the dune/berm alternative to reduce 
the cost of dune and berm protection was also investigated.   
 
9.1.  HOT SPOTS. Localized groupings of structures closer to the surf than 
others could result in the dune construction line having to be shifted outward or 
could otherwise increase the size of the berm/dune template. If this was the 
case, moving a few structures could reduce the cost of the project.  Review of 
aerial photographs and the cost/benefits by reach does not support existence of 
these hot spots or the potential project cost savings. 
 
9.2.  ENDPOINTS.  Relocations could be used to reduce the length of the project 
by concentrating relocation efforts at the end of the project area.  The South end 
of the project was considered for a nonstructural alternative since the number of 
structures on the beach in this area is fairly low.  The concept was to begin the 
berm transition in reach 6, begin the full berm/dune section in reach 7 and 
relocate the 7 structures and one motel on reaches 6 and 7.  This, however, 
would put Ocean Boulevard at risk of loss between reaches 4 and 6.  This 
concept is not practical unless another means of access can be provided for the 
150 residential structures on the south end of the beach.  South of Trout Avenue, 
three navigation canals have been cut from the sound side of the island to the 
back of the lots along Ocean Boulevard making relocation of the roadway toward 
the center of the island impractical.  This alternative is impractical and was not 
developed further as a nonstructural concept.  
 



-- P - 6 -- 
West Onslow Beach and New River Inlet (Topsail Beach), NC 

Draft General Reevaluation Report and Draft Environmental Impact Statement 

 
          

STR
U

C
TU

R
E 

R
ELO

C
A

TIO
N

 
TYPE 

D
ESC

R
IPTIO

N
 

C
O

N
STR

U
C

TIO
N

       
C

O
ST 

E&
D

 
(15%

) 

S&
I 

(15%
) 

SU
B

TO
TA

L 

C
O

N
TEN

G
EN

C
Y 

(20%
) 

TO
TA

L 

H
O

U
SIN

G
 

D
IFFER

EN
TIA

L &
 

M
O

VIN
G

  

TO
TA

L 
(R

O
U

N
D

ED
)  

              

 I RELOCATE BLDG OPEN ON PILES  $    56,929   $      8,539   $      8,539   $      74,008   $    14,802   $        88,810   $      3,000   $       92,000  

 II RELOCATE CLOSE IN FOR GARAGE  $    66,757   $    10,014   $    10,014   $      86,785   $    17,357   $      104,142   $      3,000   $     107,000  

 III RELOCATE SLAB ON GRADE  $    83,447   $    12,517   $    12,517   $    108,481   $    21,696   $      130,177   $      3,000   $     133,000  

I - III DEMOLITION & DISPOSAL  $      8,878   $      1,332   $      1,332   $      11,541   $      2,308   $        13,849   $      3,000   $       17,000  

 
Table P-1  Nonstructural costs
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3 0 0 0 0  $                   -     $                -     $                   -     $                    -     $                      -    
4 0 0 1 1  $                   -     $       17,000   $       110,000   $        198,000   $          325,000  
5 0 1 1 2  $        400,000   $       34,000   $       110,000   $        198,000   $          742,000  
6 3 0 11 14  $        276,000   $     187,000   $    2,415,125   $     2,772,000   $       5,650,125  
7 1 0 16 17  $        317,000   $     259,000   $    2,818,625   $     3,366,000   $       6,760,625  
8 3 0 12 15  $        276,000   $     204,000   $    2,038,750   $     2,970,000   $       5,488,750  
9 3 0 12 15  $        306,000   $     204,000   $    1,881,875   $     2,970,000   $       5,361,875  

10 1 0 19 20  $          92,000   $     323,000   $    3,041,750   $     3,960,000   $       7,416,750  
11 5 0 10 15  $        505,000   $     170,000   $    1,740,875   $     2,970,000   $       5,385,875  
12 2 0 11 13  $        225,000   $     187,000   $    3,031,888   $     2,574,000   $       6,017,888  
13 3 4 8 15  $        749,000   $     136,000   $    1,224,763   $     2,178,000   $       4,287,763  
14 4 6 4 14  $     1,211,000   $       68,000   $       682,875   $     1,584,000   $       3,545,875  
15 0 11 2 13  $     1,162,000   $       34,000   $       190,000   $        396,000   $       1,782,000  
16 5 0 8 13  $        535,000   $     155,000   $    1,873,651   $     2,574,000   $       5,137,651  
17 3 0 16 19  $        291,000   $     272,000   $    2,495,875   $     3,762,000   $       6,820,875  
18 0 0 19 19  $                   -     $     323,000   $    3,376,625   $     3,762,000   $       7,461,625  
19 1 0 13 14  $        107,000   $     255,000   $    4,260,763   $     2,772,000   $       7,394,763  
20 1 0 9 10  $        963,000   $     221,000   $    4,389,875   $     1,980,000   $       7,553,875  
21 1 0 18 19  $        107,000   $     306,000   $    3,244,638   $     3,762,000   $       7,419,638  
22 7 0 8 15  $        734,000   $     136,000   $    1,308,875   $     2,970,000   $       5,148,875  
23 5 0 12 17  $        505,000   $     204,000   $    2,162,651   $     3,366,000   $       6,237,651  
24 0 0 15 15  $                   -     $     255,000   $    2,245,763   $     2,970,000   $       5,470,763  
25 1 0 10 11  $        107,000   $     170,000   $    1,526,776   $     2,178,000   $       3,981,776  
26 0 0 6 6  $                   -     $       87,000   $       650,664   $     1,188,000   $       1,925,664  
                    

TOTALS 49 22 241 312  $    8,868,000   $ 4,207,000   $  46,822,682   $   57,420,000   $  117,317,682  
Table P-2, Nonstructural Summary 
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Appendix Q 
 

Assessment Of Potential Larval Entrainment Mortality 
Due To Hydraulic Dredging Of Beaufort Inlet 

 
Lawrence R. Settle 

NOAA/NOS 
National Centers for Coastal Ocean Science 

Center for Coastal Fisheries and Habitat Research 
101 Pivers Island Road 

Beaufort, NC 28516 
 

 
The larval fish distribution, abundance, seasonality, transport and ingress at 

Beaufort Inlet has been extensively studied, particularly during the fall-winter period 
coinciding with the permitted dredging window (see references below).  The 
concentration of fish larvae (all species combined) typically ranges from 0.5 to 5 larvae 
m-3. The concentration (i.e. abundance) of larvae varies both spatially and temporally 
over a range of scales. It is therefore important to recognize that not all larvae in the inlet 
would be vulnerable to entrainment. Larvae are not equally distributed in the inlet as the 
flow has considerable asymmetry. During flood the bulk of the transport is on the eastern 
side of the inlet and most larvae enter on that side. Ebb flows containing larvae that were 
not retained in the estuary are strongest on the west side of the inlet. In addition, many 
larvae exhibit a vertical migration strategy that facilitates tidal stream transport. That is, 
larvae are up in the water column during flood and descend to near the bottom during 
ebb. Such behavior helps to prevent larvae from being flushed back out the inlet. 
 

One can estimate the potential larval entrainment mortality due to hydraulic 
dredging of Beaufort Inlet using a simple mathematical model that incorporates the 
following: 
 
C = concentration of larvae 

=  0.5 to 5.0 larvae m -3  
 
M = proportion of larvae dying by natural causes every six hours 

= 0.0125 (i.e. 5 % d -1 ) to 0.025 (i.e. 10 % d -1 )  
 
V = volume of water entrained by dredge (24 h operation) 

 = 173,299 m 3 d -1 (USACE) 
 
Ps = spring tidal prism 

= 1.42 E8 m 3 (Jarrett, 1976) 
 
Pn = neap tidal prism 

= 1.32 E8 m 3 (Logan, 1995) 
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Pb = proportion of larvae in the bottom of the water column 
= 0.1 to 1.0 

 
Pc = proportion of larvae in the navigation channel 

= 0.1 to 1.0 
 
Pr = proportion of larvae retained inside to estuary during ebb phase 

= 0.1 to 1.0 
 
Es = proportion of daily spring tidal volume entrained by dredge 

= V / 2 Ps d -1 
= 0.0006 

 
En = proportion of daily neap tidal volume entrained by dredge 

= V / 2 Pn d -1 
= 0.0007 

 
Ls = initial number of larvae within a spring tidal prism 

= C * Ps 
 
Ln = initial number of larvae within a neap tidal prism 

= C * Pn   
 
Ksf = number of larvae entrained during a single spring tide flood phase 

= (Ls - (Ls * M * 2)) * Pb * Pc * Es       
    
Kse = number of larvae entrained during a single spring tide ebb phase 

= (Ls - (Ls * M * 2) - Ksf) * Pb * Pc * Pr *  Es 
 
Knf = number of larvae entrained during neap tide flood phase 

=(Ln - (Ln * M * 2)) * Pb * Pc * En       
   
Kne = number of larvae entrained during neap tide ebb phase 

= (Ln - (Ln * M * 2)- Knf) * Pb * Pc * Pr *  En 
 
Ks =  absolute larval entrainment mortality d -1 during spring tide 

= (Ksf + Kse ) * 2  
 

Zs = percent larval entrainment mortality d -1 during spring tide 
= (Ks/Ls*2)*100 

 
Kn =  absolute larval entrainment mortality d -1 during neap tide 

= (Knf + Kne) * 2 
 
Zn =  percent larval entrainment mortality d -1 during neap tide 

= (Kn/Ln*2)*100 
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Mortality due to entrainment was simulated 10,100 times for each level of natural 

mortality (i.e. 5%  d -1 and 10% d -1) during both spring and neap tidal conditions by 
systematically varying C, Pb, Pc, and Pc over the ranges outlined above using SAS 
Version 8.2 (SAS Institute Inc., Cary, NC). The results depicting the distribution of 
outcomes are shown below and include the minimum, maximum and mean impact levels 
as well as the 10%, 25%, 50% (median), 75% and 90% quantiles. 
 

Natural mortality 10 %  d -1                           Natural mortality 5 %  d -1 
 
 

 
    Ks 
    No. 

 
    Zs   
     % 

 
    Kn 
    No. 

 
    Zn  
       % 

 
     Ks 
    No. 

 
   Zs 
   %  

 
     Kn 
     No. 

 
    Zn 
    % 

 
min 

 
        914 

 
0.0006 

 
        991

 
0.0008

 
        925

 
0.0007 

 
       1004 

 
0.0008 

 
max 

 
1660902 

 
0.1170 

 
1801169

 
0.1365

 
1682195

 
0.1185 

 
 1824261 

 
0.1382 

 
mean 

 
  246426 

 
0.0316 

 
  267246

 
0.0316

 
  249585

 
0.0320 

 
   270672 

 
0.0373 

 
10 % 

 
    16282 

 
0.0036 

 
    17658

 
0.0042

 
    16490 

 
0.0037 

 
     17884 

 
0.0043 

 
25 % 

 
    48845 

 
0.0070 

 
    52973

 
0.0082

 
    49471

 
0.0071 

 
     53651 

 
0.0083 

 
50 % 

 
  132906 

 
0.0239 

 
  144136

 
0.0278

 
  134610

 
0.0242 

 
   145984 

 
0.0282 

 
75 % 

 
  376763 

 
0.0579 

 
  408595

 
0.0676

 
  381594

 
0.0587 

 
   413833 

 
0.0684 

 
90 % 

 
  657882 

 
0.0632 

 
  713472

 
0.0737

 
  666316

 
0.0640 

 
   722619 

 
0.0746 

 
What is quite apparent is that both Zs and Zn (i.e. the percentage of the daily flux 

of larvae entrained) are very low regardless of larval concentration and the distribution of 
larvae within the channel. Under the worst-case scenario where the dredge operates 24 h 
d -1 ,  all larvae are in the navigation channel, on the bottom, and with poor retention in 
the estuary following flood stage, the maximum percentage entrained barely exceeds 0.1 
% d -1 . Most of the simulated scenarios (see the 90 % quantiles) indicate the percent 
entrainment mortality to be less than 0.06 to 0.07 % d -1 with over half falling below 0.03 
% d -1 (see 50 % quantile). The actual number of larvae entrained however, can range 
from as few as 914 up to over 1.8 million depending on the initial concentration of larvae 
within the tidal prism. 

 
This simple analysis of the potential entrainment impacts to larvae could be 

further refined by stochastically varying the spatial and temporal concentration of larvae 
and their positions within the water column, but, based on the results presented here, such 
effort is not required to achieve a useful first approximation of the level of impact to the 
resource. Because the estimated entrainment mortality, even under the worst-case 
scenario, is minimal (0.1 % d -1 ),  it seems reasonable to conclude that while any larvae 
that are entrained will certainly be killed, it is likely that the impact at the population-
level would be insignificant.  
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